Skill formation and job matching effects in wage growth: the case of manufacturing workers in Ethiopia by Taye Mengistae
Vnloo Irupdwlrq dqg Mre Pdwfklqj Hhfwv lq
Zdjh Jurzwk= wkh Fdvh ri Pdqxidfwxulqj
Zrunhuv lq Hwklrsld
Wd|h Phqjlvwdh




Lq wklv sdshu/ L dqdo|vh surgxfwlrq dqg oderxu pdunhw gdwd iurp d udq0
grp vdpsoh ri pdqxidfwxulqj ￿upv lq Hwklrsld lq rughu wr whvw iru vnloo
irupdwlrq dqg mre pdwfklqj h￿hfwv lq zdjh jurzwk1 Edvhg rq hvwlpdwhg
oderu pdunhw h{shulhqfh dqg mre vhqlrulw| sur￿ohv ri uhodwlyh pdujlqdo sur0
gxfwlylw| dqg uhodwlyh zdjhv/ L ￿qg wkdw erwk rq0wkh0mre vnloo irupdwlrq dqg
mre pdwfklqj duh vljql￿fdqw vrxufhv wkh jurzwk ri surgxfwlylw| dqg zdjhv
zlwk wlph lq wkh oderxu pdunhw1 Krzhyhu/ wkhuh lv dovr hylghqfh lq wkh vdph
gdwd wkdw mre pdwfklqj lv e| idu wkh pruh lpsruwdqw ri wkh wzr vrxufhv= qhw
prelolw| jdlqv duh dw ohdvw wzlfh wkh uhwxuq wr vnloo irupdwlrq iru zrunhuv
zlwk dw prvw whq |hduv ri wlph lq wkh oderxu pdunhw1
Nh| zrugv= kxpdq fdslwdo irupdwlrq/ zdjh jurzwk/ oderxu surgxfwlylw|/
mre pdwfklqj/ mre wxuqryhu/ prelolw|/ Hwklrsld1
MHO fodvvl￿fdwlrq= M57/ M64/ M74/ M961
Fruuhvsrqghqfh dgguhvv= Fhqwuh iru wkh Vwxg| ri Diulfdq Hfrqrplhv/ Lq0
vwlwxwh ri Hfrqrplfv dqg Vwdwlvwlfv/ Xqlyhuvlw| ri R{irug/ Vw1 Furvv
Exloglqj/ Pdqru Urdg/ R{irug R[4 6XO1
H0pdlo dgguhvv= Wd|h1PhqjlvwdhChfrqrplfv1r{1df1xn141 Lqwurgxfwlrq
Wkh frqfdylw| ri lqglylgxdo zdjh udwhv lq oderxu pdunhw h{shulhqfh dqg mre vh0
qlrulw| lv d zhoo hvwdeolvkhg hpslulfdo uhjxodulw|1 Dovr zhoo nqrzq lv wkh idfw
wkdw wkh skhqrphqrq lv frqvlvwhqw zlwk d udqjh ri frpshwlqj prghov ri zdjh
ghwhuplqdwlrq1 Rq wkh rqh kdqg/ zh kdyh lpsolflw frqwudfw prghov suhglfwlqj
ulvlqj h{shulhqfh dqg vhqlrulw| surohv ri zdjhv djdlqvw  dw surohv ri pdujlqdo
surgxfwlylw| dv d phfkdqlvp ri lqfrph lqvxudqfh iru zrunhuv djdlqvw delolw| ulvn
+Kduulv dqg Kropvwurp/ 4<;5, ru wkh oderxu pdunhw*v vroxwlrq wr wkh sureohp ri
prudo kd}dug +Od}hdu/ 4<:</ 4<;4, ru dgyhuvh vhohfwlrq +Vdors dqg Vdors/ 4<:9,1
Lq frqwudvw wr wkhvh/ kxpdq fdslwdo wkhru| dqg wkh k|srwkhvlv ri mre0pdwfklqj4
dvvrfldwh ulvlqj surohv ri zdjhv zlwk d ulvlqj suroh ri pdujlqdo surgxfwlylw|1
Dffruglqj wr wkh wkhru| ri kxpdq fdslwdo/ d zrunhu hduqv pruh dv kh jhwv roghu
ehfdxvh klv pdujlqdo surgxfw lqfuhdvhv zlwk wlph lq wkh oderxu pdunhw dv uhwxuq
wr rq0wkh0mre lqyhvwphqw lq jhqhudo vnloov +Ehfnhu/ 4<95> Plqfhu/ 4<95/ 4<:7> Ehq
Srudwk/ 4<9:> Khfnpdq/ 4<:7,1 Olnhzlvh/ zdjhv ulvh zlwk mre vhqlrulw| ehfdxvh
p d u j l q d os u r g x f w l y l w |j u r z vz l w kw l p hr qdm r ed vu h w x u qw rl q y h v w p h q wl q u p
vshflf vnloov +Ehfnhu/ 4<95> Rl/ 4<95> dqg Kdvklprwr/ 4<:<,1 Pruhryhu/ rq0wkh0
mre jhqhudo vnloo irupdwlrq lv qdqfhg hqwluho| e| wkh zrunhu e| phdqv ri hduqlqj
ohvv wkdq wkh ydoxh ri klv pdujlqdo surgxfw iru wkh gxudwlrq ri wkh lqyhvwphqw1
Wkh frvw ri lqyhvwphqw lq vshflf vnloov lv vkduhg ehwzhhq wkh zrunhu dqg wkh up
e| phdqv ri wkh zrunhu hduqlqj pruh wkdq wkh ydoxh ri klv pdujlqdo surgxfw ryhu
wkh gxudwlrq ri lqyhvwphqw exw jlylqj xs d vkduh ri wkh uhwxuqv wkhuhdiwhu1
Qhlwkhu ri wkhvh whpsrudo zhgjhv ehwzhhq zdjhv dqg pdujlqdo surgxfwlylw| lv
rshudwlrqdo lq prghov ri sxuh mre pdwfklqj1 Lq vxfk prghov d zrunhu lv dvvxphg
wr hduq klv vsrw pdujlqdo surgxfw dqg wkh jurzwk ri pdujlqdo surgxfwlylw| zlwk
wlph lq wkh oderxu pdunhw ru zlwk mre vhqlrulw| dulvhv vlpso| dv d vdpsoh vhohfwlrq
hhfw ri prelolw| ghflvlrqv1 Dv lq edvlf prghov ri kxpdq fdslwdo wkhru|/ xqfhu0
wdlqw| dqg lqirupdwlrq dv|pphwu| duh dvvxphg dzd| dqg mre vhsdudwlrq lv dozd|v
yroxqwdu| dqg shupdqhqw1 Krzhyhu/ wkhuh lv qr urrp iru rq0wkh0mre vnloo irupd0
4L xvh wklv skudvh txlwh eurdgo| dv d fkdudfwhulvdwlrq ri prghov ri shupdqhqw dqg yroxqwdu|
mre vhsdudwlrq lq zklfk d zrunhu*v prelolw| ghflvlrqv ghshqg rq wkh duulydo ri lqirupdwlrq rq
wkh txdolw| ri wkh fxuuhqw mre pdwfk jlyhq rxwvlgh dowhuqdwlyhv ru rq survshfwlyh pdwfkhv jlyhq
wkh zrunhu*v shufhswlrq ri wkh txdolw| ri wkh fxuuhqw pdwfk1 Wkh uhihuhqfh wkhuhiruh lqfoxghv
Exughww*v +4<:;, prgho ri rq0wkh0mre vhdufk dqg wkh mre vkrsslqj prghov ri Mrkqvrq +4<:;, dqg
Mrydqrylf+4<:<, dv h{wuhph devwudfwlrqv lq zklfk vnloo irupdwlrq/ xqfhuwdlqlw| dqg lqirupdwlrq
dv|pphwu| duh doo dvvxphg dzd|/ dv zhoo dv wkhlu h{whqvlrqv wr wdnh rqh ru pruh ri wkhvh lqwr
dffrxqw dv lq Mrydqrylf +4<:<e/4<;7,/ Pruwhqvwhq +4<;;, dqg Wrsho +4<<4,1
5wlrq vlqfh d zrunhu*v lqwulqvlf srwhqwldo surgxfwlylw| lv suhghwhuplqhg lq uhodwlrq
wr zkdwhyhu kdsshqv iroorzlqj hqwu| wr wkh oderxu pdunhw ru wkh dvvxpswlrq ri
d sduwlfxodu mre1 Zkdw fkdqjhv gxulqj wlph lq wkh oderxu pdunhw ru whqxuh ryhu
d mre lv qrw wkh zrunhu*v vnloo exw wkh dprxqw ri lqirupdwlrq dydlodeoh wr klp
rq klv uhodwlyh pdujlqdo surgxfwlylw| lq dowhuqdwlyh mre pdwfkhv dv wkh edvlv iru
prelolw| ghflvlrqv1 Xqghuo|lqj dq revhuyhg glvwulexwlrq ri lqglylgxdo zdjh udwhv
lv wkhuhiruh d glvwulexwlrq ri wkh pdujlqdo surgxfwlylw| ri pdwfkhv udwkhu wkdq ri
lqglylgxdov shu vh1 Lq d zruog zkhuh mrev duh csxuh lqvshfwlrq jrrgv*/ dv lv wkh fdvh
lq Exughww*v +4<:;, prgho/ prelolw| ghflvlrqv duh pdgh xsrq wkh duulydo ri lqiru0
pdwlrq rq wkh surgxfwlylw| ri survshfwlyh pdwfkhv1 Frqvhtxhqwo|/ wkh h{shfwhg
pdujlqdo surgxfw ri d zrunhu pxvw eh odujhu wkdq wkdw ri d |rxqjhu zrunhu lq d
furvv vhfwlrq rq dffrxqw ri ehlqj ehwwhu pdwfkhg wr klv fxuuhqw mre/ kdylqj vdp0
sohg dqg uhmhfwhg d odujhu qxpehu ri dowhuqdwlyhv1 Lq wkh rssrvlwh zruog zkhuh
mrev duh csxuh h{shulhqfh jrrgv*/ dv lv wkh fdvh lq wkh Mrydqrylf +4<:<, prgho/
prelolw| ghflvlrqv duh edvhg rq qhz lqirupdwlrq rq wkh pdujlqdo surgxfwlylw| ri
wkh fxuuhqw pdwfk1 Khuh/ d vhqlru zrunhu rq d mre kdv d kljkhu h{shfwhg pdujlqdo
surgxfw wkdq d mxqlru zrunhu ehfdxvh vhqlru zrunhuv duh ohvv xqfhuwdlq ri wkh
wuxh surgxfwlylw| ri wkhlu pdwfk dqg/ frqvhtxhqwo|/ lqfoxgh ihzhu srruo| pdwfkhg
zrunhuv1 Lq dq h{whqvlrq ri Exughww*v prgho/ Wrsho +4<<4, sursrvhv rqh lq zklfk/
lq vkdus frqwudvw wr wkh Mrydqrylf prgho/ prelolw| eldvhv fdq fuhdwh wkh dsshdu0
dqfh ri pdujlqdo surgxfwlylw| dqg zdjhv idoolqj zlwk mre0vhqlrulw| ghvslwh wkh idfw
wkdw wkh pruh surgxfwlyh lv d mre pdwfk wkh pruh gxudeoh lw lv dv lq Mrydqrylf
+4<:<,15
Lq wklv sdshu/ L dqdo|vh surgxfwlrq dqg oderxu pdunhw gdwd rq d udqgrp vhohf0
wlrq ri vpdoo wr phglxp vl}hg pdqxidfwxulqj upv lq Hwklrsld lq rughu wr dqvzhu
wzr frpsohphqwdu| txhvwlrqv1 Iluvw/ grhv d zrunhu*v pdujlqdo surgxfwlylw| lq0
fuhdvh zlwk wlph lq wkh oderxu pdunhw ru zlwk mre vhqlrulw|/ dv pxvw eh wkh fdvh li
rq0wkh0mre vnloo irupdwlrq ru mre pdwfklqj kdyh dq|wklqj wr gr zlwk wkh g|qdplfv
ri zdjhv dv revhuyhg lq wkh gdwdB Vhfrqgo|/ dvvxplqj wkdw pdujlqdo surgxfwlylw|
grhv lqghhg jurz zlwk oderxu pdunhw h{shulhqfh ru mre vhqlrulw|/ krz lpsruwdqw
lv vnloo irupdwlrq uhodwlyh wr pdwfk hhfwv dv d vrxufh ri jurzwk lq surgxfwlylw|B
Wkh pdlq ihdwxuh ri wkh dqdo|vlv lv wkh mrlqw uhjuhvvlrq ri wkh orj ri wkh dyhudjh
surgxfw ri krxuv lq d up dqg wkh orj ri dyhudjh krxuo| hduqlqjv ri lwv hpsor|hhv
5Wkh hpslulfdo iudphzrun wr eh ghyhorshg lq wkh qh{w vhfwlrq lv edvhg rq Wrsho +4<<4,
ehfdxvh ri wkh prgho*v jhqhudolw| lq wkdw lw jhqhudwhv suhglfwlrqv derxw wkh h￿hfwv ri mre pdwfklqj
rq wkh h{shulhqfh dqg vhqlrulw| sur￿ohv ri zdjhv dqg surgxfwlylw| zlwkrxw dvvxplqj dzd| vnloo
irupdwlrq/ xqfhuwdlqw| ru lqirupdwlrq dv|pphwu|1
6rq wkh vkduhv ri h{shulhqfh0vhqlrulw| fhoov ri zrunhuv lq wrwdo dqqxdo krxuv lq wkh
up1 Dowkrxjk wkhuh lv hylghqfh wkdw erwk pdujlqdo surgxfw dqg wkh zdjh udwh
ulvh zlwk mre0vhqlrulw|/ wkh dprxqw e| zklfk wkh| gr vr lv yhu| vpdoo1 Krzhyhu/
erwk gr jurz vxevwdqwldoo| zlwk pdunhw h{shulhqfh1 Wdnlqj zrunhuv lq wkh 308
|hduv h{shulhqfh0vhqlrulw| fhoo dv wkh edvh jurxs/ L qg wkdw wkh h{shfwhg pdu0
jlqdo surgxfw ri d ixoo| preloh zrunhu6 jurzv e| 98 shu fhqw uhodwlyh wr wkh edvh
dv h{shulhqfh lqfuhdvhv iurp 8 wr 43 |hduv1 D ixuwkhu 8 |hdu lqfuhdvh lq h{shulhqfh
udlvhv h{shfwhg pdujlqdo surgxfw wr pruh wkdq grxeoh wkdw ri wkh edvh jurxs dv0
vxplqj prelolw| lv pdlqwdlqhg1 Pdujlqdo surgxfwlylw| idoov dv pdunhw h{shulhqfh
sdvvhv wkh 480|hdu pdun/ exw wkh h{shfwhg pdujlqdo surgxfw ri d preloh zrunhu
zlwk 49 |hduv ru pruh h{shulhqfh lv vwloo qhduo| ;3 shu fhqw kljkhu wkdq wkdw ri wkh
edvh jurxs1 Wkh ehwzhhq0mrev jurzwk ri krxuo| zdjhv zlwk srwhqwldo h{shulhqfh
lv dovr odujh/ exw qrw dv odujh dv jurzwk lq pdujlqdo surgxfwlylw| iru zrunhuv zlwk
ohvv wkdq iwhhq |hduv ri h{shulhqfh1 Wklv dqg wkh idfw wkdw L fdqqrw uhmhfw wkh
qxoo wkdw roghu zrunhuv hduq wkhlu pdujlqdo surgxfw lv hylghqfh wkdw dw ohdvw vrph
ri wkh revhuyhg jurzwk lq zdjhv lv uhwxuq wr jhqhudo vnloo irupdwlrq1 Krzhyhu/
wkhuh lv dovr hylghqfh ri vljqlfdqw prelolw| hhfwv lq wkh vdph jurzwk1 Lqghhg/
lqglylgxdo hduqlqj ixqfwlrq dqdo|vlv ri gdwd rq zrunhuv vdpsohg iurp wkh vdph
upv dqg wlph shulrgv iru zklfk wkh up ohyho dyhudjh surgxfwlylw| dqg dyhudjh
zdjh htxdwlrqv duh hvwlpdwhg lqglfdwhv wkdw prelolw| jdlqv duh e| idu wkh vlqjoh
prvw lpsruwdqw vrxufh ri wkh revhuyhg ehwzhhq0mrev jurzwk ri zdjhv zlwk h{sh0
ulhqfh1 Wkh udwlr ri wkh hvwlpdwhg qhw prelolw| jdlq wr ehwzhhq0mrev zdjh jurzwk
gxh wr rwkhu vrxufhv lqfoxglqj vnloo irupdwlrq udqjhv iurp 41< wr 6181
Wr p| nqrzohgjh/ wklv lv wkh uvw dwwhpsw dw vlpxowdqhrxvo| whvwlqj iru vnloo
irupdwlrq dqg prelolw| hhfwv lq zdjh jurzwk1 Wkh uhvw ri wkh sdshu lv rujdqlvhg
dv iroorzv1 Vhfwlrq 5 sursrvhv dq hpslulfdo iudphzrun lq zklfk wkh mre0pdwfklqj
dqg vnloo irupdwlrq k|srwkhvhv fdq eh whvwhg xvlqj up ohyho furvv0vhfwlrq gdwd
rq zrun irufh fkdudfwhulvwlfv dqg frpshqvdwlrq1 Uhvxowv ri wkh dssolfdwlrq ri
wkh phwkrg wr wkh Hwklrsldq gdwd duh suhvhqwhg lq Vhfwlrq 61 L frqfoxgh zlwk d
vxppdu| dqg d eulhi dvvhvvphqw lq Vhfwlrq 71
6E| d cixoo| preloh zrunhu* L phdq d zrunhu zkr fkdqjhv mrev dw ohdvw rqfh hyhu| ￿yh |hduv1
751 Hpslulfdo Iudphzrun
5141 Hvwlpdwlqj Surohv ri Uhodwlyh Pdujlqdo Surgxfwlylw| dqg Uhodwlyh
Zdjhv
Frqvlghu d srsxodwlrq ri ? zrunhuv glvwulexwhg dv ixoo wlph hpsor|hhv ehwzhhq 6
upv1 Ohw ￿￿ eh wkh krxuo| zdjh zrunhu  lv revhuyhg wr hduq dv dq hpsor|hh ri
up  zkhuh  ' cc? dqg  ' cc61O h wd o v r+￿￿/  ' cc?/  ' cc6/e h
wkh fruuhvsrqglqj krxuo| surgxfw ri zrunhu  lq up /g h  q h gd vw k hk r x u o |y d o x h
dgghg ri  jlyhq rwkhu surgxfwlrq lqsxwv lq 1 L vkdoo dvvxph/ iru wkh wlph ehlqj/
wkdw doo zrunhuv duh lghqwlfdo zlwk uhvshfw wr revhuydeoh fkdudfwhulvwlfv lq xhqflqj
hduqlqjv ru surgxfwlylw| zlwk wkh h{fhswlrq ri wzr yduldeohv/ qdpho|/ wlph lq wkh
oderxu pdunhw lq |hduv/ f￿￿￿/ dqg wlph rq wkh fxuuhqw mre lq |hduv/ f2￿￿1 L zloo






















2 duh frqvwdqwv dqg "￿
￿￿ dqg "
+
￿￿ duh udqgrp huuru whupv
vxpplqj xs lq xhqfhv ri xqrevhuydeohv1 Wkh sdudphwhu kr
￿ phdvxuhv wkh h{shfwhg
uhwxuq wr dq dgglwlrqdo |hdu lq wkh oderxu pdunhw zkloh kr
2 lv wkh h{shfwhg uhwxuq wr
dq dgglwlrqdo |hdu rq wkh fxuuhqw mre1 D ulvlqj h{shulhqfh suroh ri zdjhv phdqv
kr
￿ lv srvlwlyh/ zkloh d ulvlqj mre vhqlrulw| suroh ri zdjhv phdqv kr
2 lv srvlwlyh1
Hlwkhu ri wkhvh fdvhv lv revhuyhg lq wkh gdwd li wkhuh lv rq0wkh0mre dftxlvlwlrq ri
vnloov/ ru zdjh ghwhuplqdwlrq lqyroyhv/ iru h{dpsoh/ d vfkhph ri lqfrph lqvxudqfh
iru zrunhuv/ dv lq wkh prgho ri Kduulv dqg Kropvwurp +4<;5,/ ru ghihuphqw ri
frpshqvdwlrq dv d glvflsolqlqj ru vfuhhqlqj ghylfh/ dv lq Od}hdu +4<:</ 4<;4, ru
Vdors dqg Vdors +4<:9,1 Wkh revhuydwlrq kr
￿ : f ru kr
2 : f lv wkhuhiruh d qhfhvvdu|
exw qrw vx!flhqw frqglwlrq iru qrw uhmhfwlqj wkh vnloo0irupdwlrq k|srwkhvlv1 D




￿ : f ru wkh revhuydwlrq q
r
2 : f jlyhq kr
2 : f1
7Vhfrqg dqg kljkhu rughu whupv lq pdunhw h{shulhqfh dqg mre vhqlrulw| zloo eh lqwurgxfhg lq
wkh hpslulfdo zrun wr eh uhsruwhg dv zloo eh rwkhu revhuydeoh fkdudfwhulvwlfv vxfk dv vfkrrolqj1
Dv zloo eh hylghqw odwhu/ wkhlu vxssuhvvlrq lq wkh vshfl￿fdwlrq ri wkh hduqlqj dqg surgxfwlylw|
ixqfwlrqv frqvlghuhg khuh grhv qrw lqyroyh dq| orvv ri jhqhudolw| wr wkh vwdwhphqwv pdgh lq wklv
vhfwlrq1
8Wkh mre0pdwfklqj k|srwkhvlv lv wkh sursrvlwlrq wkdw dq h{lvwlqj mre pdwfk lv
glvvroyhg e| d zrunhu rqo| lq idyrxu ri d pruh surgxfwlyh rqh vr wkdw wkh pruh
surgxfwlyh lv wkh fxuuhqw pdwfk wkh pruh gxudeoh lw lv1 Li wklv lv lqghhg wkh fdvh/
wkh huuru whupv "￿
￿￿ dqg "
+
￿￿ pxvw eh fruuhodwhg zlwk wkh uhjuhvvruv f￿￿￿ dqg f2￿￿
lq htxdwlrqv 514 dqg 5151 Frqvhtxhqwo|/ wkh dssolfdwlrq ri ruglqdu| ohdvw vtxduhv
wr hlwkhu htxdwlrq zloo surgxfh eldvhg hvwlpdwhv ri wkh wuxh hhfwv ri pdunhw
h{shulhqfh dqg mre vhqlrulw| hyhq lq wkh devhqfh ri lqglylgxdo khwhurjhqhlw| lq
























￿￿ duh pdwfk hhfwv/ >￿
￿ dqg >
+




￿￿ duh llg/ }hur0phdq huuru whupv ruwkrjrqdo wr h{shulhqfh/ mre0vhqlrulw|/ pdwfk


































































2 : f/ wkdw lv/ rwkhu wklqjv ehlqj htxdo/ pruh deoh zrunhuv
duh ohvv preloh19 L vkdoo wdnh Wrsho*v +4<<4, vhdufk dqg pdwfk whfkqrorj| dv d

















2 : f1 Wkh uvw ri wkhvh lqhtxdolwlhv vwdwhv wkh lpsolfdwlrq ri wkh
8Htxdwlrqv +51:, dqg +51;, lpso| H+[4lm￿l,@3 1 Wklv lv qrw d vwurqj dvvxpswlrq vlqfh lw
rqo| phdqv wkdw xqrevhuyhg delolw| fdqqrw gl￿hu v|vwhpdwlfdoo| ehwzhhq jhqhudwlrqv ri zrunhuv1
9Vhh/ iru h{dpsoh/ Plqfhu dqg Mrydqrylf +4<;4,1 Dv zloo eh uhsruwhg odwhu/ wkhuh lv hylghqfh
ri d srvlwlyh fruuhodwlrq ehwzhhq mre0vhqlrulw| dqg xqrevhuyhg delolw| lq wkh gdwd dqo|vhg khuh
dv zhoo1
9vdph whfkqrorj| wkdw wkh fxuuhqw zdjh ri dq lqglylgxdo lv wkh pd{lpxp rhu
kh kdv kdg vlqfh mrlqlqj wkh oderxu pdunhw zklfk/ lq whupv ri wkh surgxfwlylw|
htxdwlrq/ phdqv wkdw wkh fxuuhqw pdwfk lv dw ohdvw dv surgxfwlyh dv dq| ri wkh
dowhuqdwlyh pdwfkhv kh kdv lqvshfwhg wr gdwh1 Wkh vhfrqg lv d vwdwhphqw ri wkh
lpsolfdwlrq wkdw prelolw| rffxuv rqo| li lw sd|v vr wkdw/ lq ylhz ri kr
2cq
r
2 : f/w k h
h{shfwhg zdjh2pdujlqdo surgxfw ri pryhuv dw wkhlu lqlwldo mrev lv kljkhu wkdq wkh
h{shfwhg zdjh2pdujlqdo surgxfw ri vwd|huv1:1 Wkh wklug lqhtxdolw| lv d vwdwhphqw
ri wzr sursrvlwlrqv/ qdpho|/ wkdw wkh pruh sd|lqj ru surgxfwlyh lv d pdwfk/ wkh
pruh gxudeoh lw lv/ dqg wkdw wkh qhw jdlq iurp prelolw| ri pryhuv lv srvlwlyh1 Wkh















￿￿￿  f￿￿￿  f2￿￿/ lv lqlwldo pdunhw h{shulhqfh1 Wkh vhfrqg fdq eh uhdg














Vxevwlwxwlqj iurp htxdwlrqv 518 dqg 51: lqwr htxdwlrq 514 dqg iurp htxdwlrqv
519 dqg 51; lqwr 515 jlyhv


















































:Lw vkrxog eh qrwhg wkdw wklv grhv qrw dsso| li wkhuh lv qr wuxh uhwxuq wr mre vhqlrulw| lq
whupv ri zdjhv ru surgxfwlylw|1 Wkh uhvxow dovr dvvxphv wkh devhqfh ri rq0wkh0mre vhdufk frvwv






Li +￿￿ zhuh gluhfwo| revhuydeoh/ ohdvw vtxduhv dssolhg wr 5144 dqg 5145 zrxog
|lhog frqvlvwhqw hvwlpdwhv ri wkh sdudphwhuv k￿/ k2/ q￿dqg q21 Zkloh vxfk hvwl0
pdwhv zrxog qrw eh xvhixo wr whvw iru d vnloo irupdwlrq hhfw ru d pdwfk hhfw
vhsdudwho|/ wkh| zrxog qrqhwkhohvv vx!fh dv d edvlv iru whvwlqj wkh qxoo wkdw qhl0
wkhu ri wkh wzr hhfwv lv suhvhqw lq wkh gdwd1 Wkh qxoo lv uhmhfwhg li zh revhuyh
wkdw q￿ : f jlyhq k￿ : f ru q2 : f jlyhq k2 : f1
Dowkrxjk +￿￿ lv qrw gluhfwo| revhuydeoh/ up ohyho dyhudjh surgxfwlylw| ri krxuv
lv1 Wkh idfw wkdw wkh odwwhu lv d ixqfwlrq ri wkh up ohyho dyhudjh ri +￿￿ fdq wkhq
eh h{sorlwhg wr rewdlq hvwlpdwhv ri wkh sdudphwhuv ri htxdwlrqv 5144 dqg 5145
rq wkh edvlv ri up ohyho revhuydwlrqv ri wkh dyhudjh zdjh udwh dqg wkh dyhudjh
surgxfwlylw| ri krxuv1 Ghqh wkh iroorzlqj gxpp| yduldeohv= (f
￿￿￿ 'li f￿￿￿ 	
&￿> (A
￿￿￿ 'li f2￿￿ 	& ￿> (f
C￿￿ 'li f￿￿￿ :& C> (A
C￿￿ 'li f2￿￿ :& C> (f
}￿￿ 'li
&}3￿  f￿￿￿ 	& }c}'2 cC >d q g(A
}￿￿ 'li &}3￿  f2￿￿ 	& }c}'2 cC>z k h u h





























zkhuh kf ' k￿￿ n k2￿1 Zlwk d vlplodu ghqlwlrq ri sdudphwhuv q￿￿/ q2￿/ q￿} dqg














zkhuh qf ' q￿￿ n q2￿1
Lw pljkw eh zruwk qrwlqj dw wklv srlqw wkdw dq| vshflfdwlrq ri wkh hduqlqj ru
surgxfwlylw| htxdwlrq lqyroylqj vhfrqg ru kljkhu rughu whupv lq h{shulhqfh dqg
;mre vhqlrulw| fdq eh duulyhg dw dv wkh olplwlqj ixqfwlrq wr zklfk htxdwlrq 5149 ru
514: dssurdfkhv dv C whqgv wr lqqlw|1 Qr orvv ri jhqhudolw| lv wkhuhiruh hqwdlohg
e| wkh idfw wkdw L vwduwhg r e| vxssuhvvlqj wkh whupv lq duulylqj dw wkh vdph
htxdwlrqv1 Lw lv dovr pruh frqyhqlhqw wr h{suhvv wkh htxdwlrqv lq gxpp| yduldeohv
iru h{shulhqfh0vhqlrulw| fhoov ri revhuydwlrqv udwkhu wkdq lq wkrvh iru h{shulhqfh
ru vhqlrulw| lqwhuydov1 Dvvxph/ iru h{dpsoh/ wkdw C ' / vxssuhvv zrunhu dqg
hpsor|hu vxevfulswv dqg ghqh gxpp| yduldeohv dv iroorzv= (}￿ ' (f
} (A
￿c} c'
ccC vr wkdw (}￿ 'li (f
} 'dqg (A
￿ ' /e x w(}￿ 'f / rwkhuzlvh1 Htxdwlrq




Lq ylhz ri 5146/ hdfk ri wkh frh!flhqwv k￿2 dqg k￿￿ lv frpsrvhg ri d wuxh
h{shulhqfh hhfw/ kr









} : fc}'2 c1 Frqvlghu/ lq frqwudvw/ wkh h{shfwhg h{shulhqfh dqg vhqlru0
lw| suhplxp ri d qrq0preloh zrunhu dw h{shulhqfh ohyho }1 Wklv fdqqrw lqfoxgh d
prelolw| jdlq exw grhv lqfoxgh d wuxh h{shulhqfh hhfw/ kr
}/ d wuxh vhqlrulw| hhfw/
kr
}}/ d pdwfk txdolw| hhfw/ @￿
}}/ dqg dq xqrevhuydeoh delolw| hhfw @>
}}/v rw k d wz h
kdyh/ lq htxdwlrq 514;/



















Frqvlghu qh{w wkh h{shfwhg h{shulhqfh dqg vhqlrulw| suhplxp ri d zrunhu dw
h{shulhqfh ohyho } exw lq dq lqwhuphgldwh vwdwh ri prelolw|/ l1h1/ dw vhqlrulw| ohyho
 vxfk wkdw  		} 1 Wklv pxvw kdyh wkh vdph frpsrqhqwv dv wkh h{shfwhg
suhplxp ri d qrq0preloh zrunhu h{fhsw wkdw/ olnh wkh h{shfwhg suhplxp ri d ixoo|
preloh zrunhu/ lw lqfoxghv d prelolw| jdlq/ @￿￿
} /v rw k d w























<Jrlqj edfn wr htxdwlrq 514;/ ghqrwh
b} ' n k￿} +5157,
b}￿ ' n k2￿*b}
vr wkdw b}b}￿ 'nk￿} n k2￿ 1 Wkh htxdwlrq fdq wkhq eh zulwwhq dv
*? ' kf nE b2  (2￿ nE b￿  (￿￿ nE b2b22  (22
nEb￿b￿2  (￿2 nE b￿b￿￿  (￿￿ n #
￿ +5158,
Olnhzlvh/ htxdwlrq 514: fdq eh zulwwhq dv
*?+ ' qf nE B2  (2￿ nE B￿  (￿￿ nE B2B22  (22
nEB￿B￿2  (￿2 nE B￿B￿￿  (￿￿ n #
+ +5159,
zkhuh/
B} ' n q￿} +515:,
B}￿ ' n q2￿*B}


























zkhuh wkh frpsrqhqwv ri q￿}/ q}} dqg q}￿ duh ghqhg lq vwulfw dqdorj| wr wkrvh
ri k￿}/ k}} dqg k}￿1 Frqvlghu wkh dyhudjh krxuo| zdjh/ ￿/r iz r u n h u vh p s o r | h g
lq up 1 Htxdwlrq 5158 phdqv;
￿ 'E  *?￿i Tkf
?￿ [
￿’￿
E n Eb2  (2￿￿￿ nE b￿  (￿￿￿￿ nE b2b22  (22￿￿
nEb￿b￿2  (￿2￿￿ nE b￿b￿￿  (￿￿￿￿ n #
￿
￿￿
zkhuh ?￿ lv wkh qxpehu ri zrunhuv lq up 1 Wklv ohdgv wr wkh up ohyho dyhudjh
zdjh udwh htxdwlrq
*?￿ ' kf n* ? d nE b2  2￿￿ nE b￿  ￿￿￿ nE b2b22  22￿
nEb￿b￿2  ￿2￿ nE b￿b￿￿  ￿￿￿ n #
￿
￿ o +515<,






￿￿/ }￿￿ ' ?}￿￿*?￿/d q g?}￿￿ lv wkh qxpehu ri zrunhuv
ri h{shulhqfh ohyho } dqg vhqlrulw| ohyho  lq up  vr wkdw/ dvvxplqj wkh vdph
qxpehu ri krxuv iru hdfk zrunhu/ }￿￿ phdvxuhv wkh uhodwlyh vkduh ri wkh vdph
jurxs ri zrunhuv lq wrwdo krxuv lq wkh up1 Vlploduo|/ htxdwlrq 5159 phdqv wkh
wkdw wkh dyhudjh krxuo| ydoxh dgghg/ +￿/ ri zrunhuv ri up  lv ghwhuplqhg dv
*?+￿ ' qf n* ? d nE B2  2￿￿ nE B￿  ￿￿￿ nE B2B22  22￿
nEB￿B￿2  ￿2￿ nE B￿B￿￿  ￿￿￿ n #
+
￿o +5163,
Iru wkh sxusrvh ri hvwlpdwlrq/ L vkdoo dssur{lpdwh htxdwlrqv +515<, dqg +5163, e|
*?￿ ' kf n* ? d nE b2  2￿￿ nE b￿  ￿￿￿ nE b2b22  22￿




*?+￿ ' qf n* ? d nE B2  2￿￿ nE B￿  ￿￿￿ nE B2B22  22￿




Dowkrxjk htxdwlrq 5165 lv qrw hvwlpdeoh dv lw lv/ lwv sdudphwhuv fdq eh hvwl0
pdwhg vlqfh wkh frqglwlrqdo h{shfwdwlrq ri +￿ hqwhuv wkh surgxfwlrq ixqfwlrq ri 
dv wkh txdolw| lqgh{ ri wkh up*v oderxu lqsxw1 Vxssrvh wkh surgxfwlrq ixqfwlrq






zkhuh/ / ￿ dqg 2 duh frqvwdqwv/ t￿ lv wkh ydoxh dgghg ri up / g￿ lv wkh
fruuhvsrqglqj fdslwdo lqsxw dqg u￿ lv wkh up*v lqsxw ri txdolw| dgmxvwhg krxuv1
Ohw M￿ eh wkh up*v wrwdo lqsxw ri xqdgmxvwhg krxuv1 L ghqh u￿ e|
u￿ ' M￿.E+￿m2￿￿c 22￿c ￿￿￿c ￿2￿c ￿￿￿ +5167,
<Wkh Free0Grxjodv vshfl￿fdwlrq lv xvhg lq wkh hpslulfdo zrun wr eh uhsruwhg lq wkh qh{w
vhfwlrq vlqfh lw frxog qrw eh uhmhfwhg djdlqvw wkh wudqvorj1 Lw vkrxog eh qrwhg wkdw wkh edvlf
dujxphqwv dqg ghulydwlrqv ri wklv vhfwlrq duh ydolg iru dq|  h{leoh ixqfwlrqdo irup dqg duh lq
qr zd| ghshqghqw rq wkh dvvxpswlrq ri wkh Free0Grxjodv ixqfwlrq1
44Xvlqj 5165/ wkh dyhudjh surgxfwlylw| ri xqdgmxvwhg krxuv/ t ￿  t￿*M￿/l qw k h u p
lv wkhq jlyhq e|





nE ￿ n 2  *?M￿ n 2 *?d n EB2  2￿￿ nE B￿  ￿￿￿
nEB2B22  22￿ nE B￿B￿2  ￿2￿ nE B￿B￿￿  ￿￿￿on1￿ +5168,
zkhuh f '* ?n2qf dqg 1￿ lv d udqgrp huuru whup lqfoxglqj #
+
￿ dv d frpsrqhqw
dqg/ khqfh/ jhqhudoo| fruuhodwhg zlwk #￿
￿ exw dvvxphg wr eh ruwkrjrqdo wr doo
uhjuhvvruv143
Wkh mrlqw hvwlpdwlrq ri htxdwlrqv 5164 dqg 5168 lv wkh edvlv iru wkh whvwlqj ri
vnloo irupdwlrq dqg mre0pdwfklqj hhfwv lq zdjh jurzwk dv zloo eh uhsruwhg lq wkh
qh{w vhfwlrq144 Lq lqwhusuhwlqj wkh dyhudjh zdjh udwh htxdwlrq/ lw lv lpsruwdqw wr
qrwh wkdw kf lv wkh orj ri wkh h{shfwhg krxuo| zdjh ri d zrunhu dw wkh orzhvw ohyho
ri pdunhw h{shulhqfh dqg wkh orzhvw ohyho ri mre0vhqlrulw|/ l1h1/ d zrunhu iru zklfk
(f
￿￿￿ 'dqg (A
￿￿￿ ' 1W k hs d u d p h w h ub} lv wkh h{shfwhg krxuo| zdjh ri d zrunhu
dw wkh orzhvw ohyho ri vhqlrulw| dqg dw h{shulhqfh ohyho } uhodwlyh wkh edvh zdjh
ekf1W k h s d u d p h w h u b}￿ lv wkh h{shfwhg krxuo| zdjh ri d zrunhu dw h{shulhqfh
ohyho } dqg mre vhqlrulw| ohyho  uhodwlyh wr b}/z k h u h 	 }1 Frqvhtxhqwo|/
43Li wkh ￿up*v oderxu lqsxw zhuh krprjhqrxv/ zh zrxog kdyh ￿3 @3dqg wkh h{shulhqfh
dqg vhqlrulw| sur￿ohv ri surgxfwlylw| zrxog erwk eh  dw vr wkdw ￿j @4dqg ￿jk @4iru doo j
dqg k/ lq zklfk fdvh H+|mmS54>S 55>S 64>S 65>S 66,@4dqg htxdwlrq :168 zrxog froodsv wr wkh





+￿4 . ￿5 ￿ 4,oqK1
44Khoohuvwhlq dqg Qhxpdun+4<<8, ghulyh zdjh dqg surgxfwlylw| htxdwlrqv ri d vlplodu irup
dv 5164 dqg 5168 exw iru djh fdwhjrulhv ri zrunhuv rqo| dqg iurp wkh shuvshfwlyh ri wkh ￿up
udwkhu wkdq ri wkh oderxu pdunhw dv lv grqh khuh1 Dv vkrxog eh hylghqw iurp wkh glvfxvvlrq wkdw
iroorzv lw zrxog eh lpsrvvleoh wr whvw wkh mre0pdwfklqj k|srwkhvlv rq wkh edvlv ri wkh djh0sur￿oh
ri surgxfwlylw| xqohvv lw lv hvwlpdwhg vlpxowdqhrxvo| zlwk wkh mre0vhqlrulw| sur￿oh ri wkh vdph1
Wkh ghulydwlrq ri wkh djh sur￿oh ri surgxfwlylw| dv lv grqh lq wkh Khoohuvwhlq dqg Qhxpdun sdshu
lv dovr sureohpdwlf dowkrxjk lw ohdgv wr wkh vdph ixqfwlrqdo irup dv xvhg lq wklv sdshu1 Wkh
vwduwlqj srlqw lq wkhlu dssurdfk lv wkdw wkh dyhudjh surgxfwlylw| ri krxuv lq d ￿up lv d zhljkwhg
phdq ri wkh dyhudjh surgxfwlylw| ri krxuv ri vnloo jurxsv ri zrunhuv mxvw dv wkh dyhudjh krxuo|
zdjh sdlg rxw e| wkh ￿up lv d zhljkhg phdq ri krxuo| hduqlqjv ri wkh vdph jurxsv1 Wkh sureohp
zlwk ylhzlqj wkh dyhudjh zdjh udwh dqg dyhudjh surgxfwlylw| ri krxuv iurp wkh srlqw ri ylhz ri
wkh ￿up udwkhu wkdq iurp wkdw ri lwv hpsor|hhv lv wkdw wkh hfrqrplf phdqlqj ri wkh huuru whup
rqh wkhq dsshqgv wr wkh surgxfwlylw| ru zdjh udwh htxdwlrq ehfrphv xqfohdu1 Lq sduwlfxodu/
rqh zrxog qrw eh deoh wr prwlydwh wkh lqfoxvlrq ri xqrevhuyhg delolw| dqg mre0pdwfk h￿hfwv dv
frpsrqhqwv ri wkh huuru whup li/ iru h{dpsoh/ rqh frqfhlyhg ri wkh ghshqghqw yduldeoh ri wkh
zdjh htxdwlrq dv wkh xqlw frvw ri oderxu wr wkh ￿up udwkhu wkdq wkh dyhudjh krxuo| hduqlqj ri
wkh ￿up*v hpsor|hhv1
45b}b}￿c 	 } lv wkh h{shfwhg krxuo| zdjh ri d zrunhu dw h{shulhqfh ohyho }
dqg vhqlrulw| ohyho  uhodwlyh wr wkh edvh zdjh/ ekf145
Lq lqwhusuhwlqj htxdwlrq 5168 lw lv xvhixo wr qrwh wkdw
.E+￿m2￿￿c 22￿c ￿￿￿c ￿2￿c ￿￿￿'e
qfd n EB2  2￿￿ nE B￿  ￿￿￿ nE B2B22  22￿
nEB￿B￿2  ￿2￿ nE B￿B￿￿  ￿￿￿o +5169,
vr wkdw
u￿ ' e
qfdM￿￿￿ n B2M2￿￿ n B￿M￿￿￿ n B2B22M22￿ n B￿B￿2M￿2￿ n B￿B￿￿M￿￿￿o +516:,
zkhuh M}￿￿ lv wkh wrwdo qxpehu ri krxuv ri zrunhuv zlwk h{shulhqfh ohyho } dqg
mre0vhqlrulw| ohyho 1O h wt￿u '
Y.Et￿￿g￿cu￿￿
Yu￿ 1 E| vxevwlwxwlqj iurp htxdwlrq 516:











45Wr vhh wklv/ qrwh wkdw zh kdyh iurp 5164 wkdw
H+zm@S54>S 55>S 64>S 65>S 66,@h￿3^S44 . ￿5S54 . ￿6S64 . ￿5￿55S55 . ￿6￿65S65 . ￿6￿66S66‘
zkhuh/ S44 lv wkh sursruwlrq ri zrunhuv lq wkh edvh jurxs1 Dvvxplqj wkdw wrwdo dqqxdo krxuv/
Km/ lv ￿{hg/ wkh h{shfwhg dqqxdo zdjh eloo ri wkh ￿up lv
H+Zm@S54>S 55>S 64>S 65>S 66, ￿ KmH+zm@S54>S 55>S 64>S 65>S 66,
￿ h￿3^K44 . ￿5K54 . ￿6K64 . ￿5￿55K55 . ￿6￿65K65 . ￿6￿66K66‘
Ohw Zm44 eh wkh dqqxdo zdjh eloo rq zrunhuv lq wkh edvh jurxs/ Zmj wkh dqqxdo zdjh eloo
ri zrunhuv dw h{shulhqfh ohyho j dqg vhqlrulw| ohyho rqh dqg Zmjk wkh dqqxdo zdjh eloo rq
zrunhuv dw h{shulhqfh ohyho j dqg vhqlrulw| ohyho k zlwk j @5 >6 dqg 4 ?k?j 1 Wkhq
H+Zm44@S54>S 55>S 64>S 65>S 66,@h￿3K44/ H+Zmj@S54>S 55>S 64>S 65>S 66,@￿jh￿3Kj4 dqg
H+Zmjk@S54>S 55>S 64>S 65>S 66,@￿jk￿jh￿3Kjk1 Frqvhtxhqwo|/ wkh h{shfwhg krxuo| zdjh lv
h￿3 iru zrunhuv lq wkh edvh jurxs/ ￿jh￿3 iru zrunhuv dw h{shulhqfh ohyho j dqg vhqlrulw| ohyho rqh







 	  }
Wkh sdudphwhu B} lv wkhuhiruh wkh h{shfwhg pdujlqdo surgxfw ri d zrunhu zlwk
wkh orzhvw ohyho ri vhqlrulw| dw h{shulhqfh ohyho } uhodwlyh wr wkh h{shfwhg pdujlqdo
surgxfw ri d zrunhu lq wkh edvh jurxs1 Wkh h{shfwhg pdujlqdo surgxfwlylw| ri
d zrunhu dw h{shulhqfh ohyho } dqg vhqlrulw| ohyho  uhodwlyh wr d zrunhu zlwk wkh
orzhvw ohyho ri vhqlrulw| exw dw wkh vdph ohyho ri h{shulhqfh lv jlyhq e| B}￿/ zkloh
B}B}￿ lv wkh vdph h{shfwhg pdujlqdo surgxfw exw uhodwlyh wr wkh h{shfwhg pdujlqdo
surgxfw ri d zrunhu lq wkh edvh jurxs1
5151 Whvwlqj iru Vnloo Irupdwlrq dqg Mre Pdwfklqj Hhfwv lq Zdjh
Jurzwk
Wkh h{shulhqfh dqg mre vhqlrulw| surohv ri uhodwlyh zdjhv dv fdswxuhg e| htxdwlrq
5164 fdq xvhixoo| eh vxppdulvhg lqwr dq h{shulhqfh0vhqlrulw| csuroh pdwul{* lq
zklfk hdfk urz ghvfulehv wkh mre vhqlrulw| suroh ri wkh h{shfwhg zdjh udwh/
uhodwlyh wr wkh edvh/ ri d zrunhu dw d jlyhq ohyho ri pdunhw h{shulhqfh dqg d
froxpq ghvfulehv wkh h{shulhqfh suroh ri wkh h{shfwhg uhodwlyh zdjh ri d zrunhu













bC bCbC2 bCbC￿  bCbCC
Wkh fruuhvsrqglqj h{shulhqfh0vhqlrulw| suroh pdwul{ ri uhodwlyh pdujlqdo sur0













BC BCBC2 BCBC￿  BCBCC
Ri sduwlfxodu lqwhuhvw lq hdfk pdwul{ duh wkh gldjrqdo hqwulhv dqg hqwulhv ri wkh
uvw froxpq1 Wkh iruphu pds rxw wkh olih f|foh jurzwk ri wkh h{shfwhg uhodwlyh
zdjh udwh ru uhodwlyh pdujlqdo surgxfw ri d qrq0preloh zrunhu/ wkdw lv/ d zrunhu
zkr kdv qhyhu fkdqjhg klv mre diwhu wkh uvw &￿ |hduv ri wlph lq wkh oderxu pdunhw/
zkhuh &￿ lv wkh pd{lpxp qxpehu |hduv lq wkh oderxu pdunhw ri d zrunhu lq wkh
edvh jurxs1 Wkh uvw froxpq ghvfulehv wkh olih f|foh jurzwk ri wkh h{shfwhg
uhodwlyh zdjh ru uhodwlyh pdujlqdo surgxfw ri d ixoo| preloh zrunhu/ wkdw lv/ d
zrunhu zkr fkdqjhv klv mre dw ohdvw hyhu| &￿ |hduv1 Lq rwkhu zrugv/ wkh uvw froxpq
lv d ghvfulswlrq ri wkh ehwzhhq0mrev jurzwk ri wkh uhodwlyh zdjh udwh ru uhodwlyh
pdujlqdo surgxfw zlwk wlph lq wkh oderxu pdunhw1 Frqvhtxhqwo| lw fdswxuhv wkh
sxuh hhfw ri pdunhw h{shulhqfh rq wkh zdjh udwh ru pdujlqdo surgxfwlylw|1 Rq
wkh rwkhu kdqg/ wkh gldjrqdo ri wkh pdwul{ lv d ghvfulswlrq ri wkh zlwklq0mre
jurzwk ri wkh uhodwlyh zdjh udwh ru uhodwlyh pdujlqdo surgxfw zlwk h{shulhqfh
dqg/ wkhuhiruh/ fdswxuhv wkh vxp ri wkh hhfw ri pdunhw h{shulhqfh dqg wkh hhfw
ri mre0vhqlrulw|1hvwlqj Iru Jhqhudo Vnloo0Irupdwlrq
D ulvlqj h{shulhqfh suroh ri zdjhv lpsolhv wkdw b} lqfuhdvhv zlwk } dw ohdvw
lqlwldoo|1 Dffruglqj wr h{lvwlqj wkhru| wklv lv lqglfdwlyh ri rqh ru pruh ri wkuhh
wklqjv/ qdpho|/ rq0wkh0mre jhqhudo vnloo irupdwlrq/ pdwfk lpsuryhphqw dqg ghihu0
phqw ri frpshqvdwlrq dv dq lqvxudqfh/ vfuhhqlqj ru glvflsolqlqj ghylfh1 Krzhyhu/
fxuuhqw wkhrulhv ri ghihuuhg frpshqvdwlrq gr qrw suhglfw d ulvlqj suroh ri uhod0
wlyh pdujlqdo surgxfwlylw| zkloh erwk wkh mre pdwfklqj k|srwkhvlv dqg wkh wkhru|
ri kxpdq fdslwdo gr1 Revhuydwlrq wkdw erwk b} dqg B} lqfuhdvh zlwk } dw ohdvw
lqlwldoo| lv wkhuhiruh hylghqfh wkdw qrw doo wkh revhuyhg ehwzhhq0mrev jurzwk fdq
eh dwwulexwhg hqwluho| wr ghihuphqw ri frpshqvdwlrq1 Dvvxplqj wkdw zh gr kdyh
hylghqfh iru vnloo irupdwlrq ru mre0pdwfklqj lq wklv vhqvh/ wkh txhvwlrq wkhq dulvhv
zkhwkhu zh fdq h{foxgh wkh srvvlelolw| wkdw wkh revhuyhg ehwzhhq0mrev jurzwk
lq surgxfwlylw| lv hqwluho| d mre0pdwfklqj hhfw1 Wkh qxoo wkdw doo wkh revhuyhg
ehwzhhq0 mrev jurzwk ri surgxfwlylw| lv d prelolw| jdlq fdq eh whvwhg e| frpsdu0
lqj wkh hvwlpdwhg h{shulhqfh suroh ri uhodwlyh pdujlqdo surgxfwlylw| zlwk wkdw
ri wkh uhodwlyh zdjh vlqfh rq0wkh0mre vhdufk ru pdwfklqj fdqqrw/ rq lwv rzq/ fuh0
48dwh d glvfuhsdqf| ehwzhhq vsrw zdjh dqg vsrw pdujlqdo surgxfwlylw| zkloh wkh
jhqhudo vnloo irupdwlrq k|srwkhvlv grhv1 Vshflfdoo|/ zh uhmhfw wkh vdph qxoo li zh
revhuyh wkdw b} 	B } lq wkh ulvlqj skdvh ri wkh suroh ri pdujlqdo surgxfwlylw|
vlqfh wkh lqhtxdolw| lv frqvlvwhqw zlwk wkh lpsolfdwlrq ri kxpdq fdslwdo wkhru|
wkdw rq0wkh0mre lqyhvwphqw rq jhqhudo vnloov lv zkroo| qdqfhg e| wkh zrunhu146
515141 Whvwlqj Iru Prelolw| Jdlqv
Dvvxph qh{w wkdw zh kdyh revhuyhg wkdw erwk b} dqg B} ulvh dw ohdvw lqlwldoo| dqg
wkdw b} 	B } lq wkh ulvlqj skdvh ri wkh h{shulhqfh suroh ri pdujlqdo surgxfwlylw|1
Wklv zloo ohdyh xv zlwk wkh rwkhu h{wuhph srvvlelolw| rshq/ qdpho|/ wkdw wkhuh duh
qr surgxfwlylw| jdlqv iurp prelolw| vr wkdw wkh revhuyhg ehwzhhq0mrev jurzwk lq
surgxfwlylw| vkrxog eh dwwulexwhg hqwluho| wr vnloo irupdwlrq1 Rqh zd| ri whvwlqj
wklv dv d qxoo lv wr frpsduh wkh ehwzhhq0mrev h{shulhqfh suroh ri pdujlqdo surgxf0
wlylw| zlwk wkh fruuhvsrqglqj zlwklq0 mre suroh/ l1h1/ wr frpsduh wkh uvw froxpq
hqwulhv ri wkh suroh pdwul{ ri pdujlqdo surgxfwlylw| zlwk wkh fruuhvsrqglqj gldjr0
qdo hqwulhv ri wkh vdph pdwul{1 Uhfdoo wkdw wkh h{shfwhg uhodwlyh pdujlqdo surgxfw







Rq wkh rwkhu kdqg/ B} 'nq
r
} n K￿









}}  f/z hk d y hB}B}} 	B } rqo| li K￿
}  K￿
}} : f/ wkdw lv/ rqo| li wkhuh
lv d srvlwlyh mre pdwklqj hhfw1 Frqvhtxhqwo|/ revhuydwlrq wkdw B}B}} 	B } lv hyl0
ghqfh wkdw qrw doo wkh revhuyhg ehwzhhq0mrev jurzwk ri pdujlqdo surgxfwlylw| fdq
eh dwwulexwhg wr vnloo irupdwlrq1 Xqiruwxqdwho|/ revhuydwlrq wr wkh frqwudu| wkdw
B}B}}  B} grhv qrw qhfhvvdulo| lpso| wkh devhqfh ri d mre pdwfklqj hhfw vlqfh wkh






D pruh glvfulplqdwlqj whvw lv wr frpsduh wkh h{shfwhg uhodwlyh pdujlqdo surgxfw
ri d ixoo| preloh zrunhu zlwk wkdw ri d zrunhu zlwk wkh vdph ohyho ri pdunhw h{sh0
ulhqfh/ exw lq dq lqwhuphgldwh vwdwh ri prelolw|/ wkdw lv/ wr frpsduh B} zlwk B}B}￿





46Zkloh ￿j dqg ￿j/ uhvshfwlyho|/ duh wkh h{shfwhg uhodwlyh zdjh dqg h{shfwhg uhodwlyh pdujlqdo
surgxfw ri d zrunhu dw h{shulhqfh ohyho j/z hk d y h￿j ?￿ j rqo| li wkh h{shfwhg devroxwh zdjh
ri wkh zrunhu lv ohvv wkdq klv h{shfwhg devroxwh pdujlqdo surgxfw1 Olnhzlvh ￿j @ ￿j rqo| li wkh
h{shfwhg devroxwh zdjh lv htxdo wr wkh h{shfwhg devroxwh pdujlqdo surgxfw1 Wr vhh wklv zh qhhg
rqo| qrwh wkdw wkh h{shfwhg zdjh dqg wkh h{shfwhg pdujlqdo surgxfw ri d zrnhu lq wkh edvh
jurxs duh h￿3 dqg h￿3 uhvshfwlyho|1 Wkh h{shfwhg zdjh udwh ri d zrunhu dw h{shulhqfh ohyho j dqg
vhqlrulw| ohyho rqh lv h￿3.￿4j zkloh wkh h{shfwhg pdujlqdo surgxfw ri wkh vdph zrunhu lv h￿3.￿4j1
Vlqfh wkh gh￿qlwlrqv ri ￿j dqg ￿j duh ￿j @ h
￿3.￿4j
h￿3 dqg ￿j @ h
￿3.￿4j
h￿3 /z hk d y h
￿j
￿j @ h￿4j￿￿4j/


























}￿  f/ wklv phdqv









zklfk/ xqghu wkh lpsolfdwlrq K￿￿
} nK
￿
}￿ : f ri Wrsho*v vhdufk dqg pdwfk whfkqrorj|/
phdqv wkdw K￿
} : f/ l1h1/ prelolw| jdlqv duh srvlwlyh1
515151 Whvwlqj Iru Vshflf Vnloo Irupdwlrq
Li wkh prelolw| jdlq K￿
} lv srvlwlyh/ vr wkdw B}B}￿ 	B }/z hp x v wd o v rk d y hB}￿ 	 /
wkdw lv/ wkh h{shfwhg pdujlqdo surgxfw ri d zrunhu dw h{shulhqfh ohyho } dqg mre0
vhqlrulw| ohyho c zkhuh  		} / pxvw eh ohvv wkdq wkh pdujlqdo surgxfw ri d















	} c } '2 ccC
Rq wkh rwkhu kdqg/ vlqfh K￿}













D ulvlqj mre0vhqlrulw| suroh ri uhodwlyh pdujlqdo surgxfwlylw| phdqv wkdw B}￿
lqfuhdvhv zlwk  lqlwldoo| dqg lv qrq0ghfuhdvlqj wkhuhdiwhu/ l1h1/
 :B }2 	B }￿  B}} +5173,
iru doo  G2		}vr wkdw wkh vhulhv cB}2ccB}￿ccB}} pdsv rxw d X0vkdsh1
Lq ylhz ri htxdwlrq 516;/ revhuydwlrq B}￿ 	  lv hylghqfh wkdw B}￿ xqghuvwdwhv wkh
wuxh hhfw ri mre0vhqlrulw| rq pdujlqdo surgxfwlylw| dv wkh uhvxow ri wkh prelolw|
jdlqv/ K￿




}￿  f vr wkdw




} 	 f1 Wklv lq wxuq lv srvvleoh rqo| li
K￿
} : f xqghu wkh mre0pdwfklqj k|srwkhvlv wkdw K￿￿
} nK
￿
}￿ : f1 Lq ylhz ri htxdwlrq
516</ revhuydwlrq wkdw B}} :  lv hylghqfh wkdw/ rq dyhudjh/ d pruh vhqlru zrunhu
rq d mre lv pruh surgxfwlyh/ l1h1/ q
r
}}nK>
}} : f/ dv orqj dv wkh lpsolfdwlrq ri Wrsho*v
pdwfk whfkqrorj| wkdw K￿
}} 	 f lv ydolg vr wkdw K￿
}}  K￿
} 	 f1P r u h r y h u / d v WWu }/
4:K￿￿
} WWu f zkloh K
￿








erwk ghfuhdvh1 D ulvlqj mre0vhqlrulw| suroh ri pdujlqdo surgxfwlylw| lq wkh vhqvh




}￿ u l v h vz l w kv h q l r u l w | 1L wl vr i
frxuvh srvvleoh wkdw q
r
}￿ 'firu doo }c G2   } vr wkdw qrqh ri wkh revhuyhg
jurzwk lq pdujlqdo surgxfwlylw| fdq eh dwwulexwhg wr vshflf vnloo irupdwlrq1
Wklv lv d qxoo zklfk zh fdq whvw e| frpsdulqj wkh revhuyhg mre0vhqlrulw| ri suroh
ri uhodwlyh pdujlqdo surgxfwlylw| zlwk wkh fruuhvsrqglqj mre0vhqlrulw| suroh ri
uhodwlyh zdjhv/ wkdw lv/ e| frpsdulqj wkh vhulhv cB}2ccB}￿ccB}} zlwk wkh vhulhv
cb }2ccb}￿ccb}}1 Iluvw/ li vshflf vnloo irupdwlrq ru mre0pdwfklqj hhfwv duh
wkh pdlq ghwhuplqdqwv ri erwk b}￿ dqg B}￿ wkh mre vhqlrulw| suroh ri uhodwlyh
zdjhv vkrxog dovr h{klelw wkh vdph X0vkdsh wkdw wkh mre0vhqlrulw| suroh uhodwlyh













	} c } '2 ccC










	} c } '2 ccC
fruuhvsrqglqj wr 516<1 Jlyhq wkdw erwk mre0vhqlrulw| surohv duh X0vkdshg/ wkh
qxoo vkrxog eh uhmhfwhg li zh revhuyh b}￿ :B }￿ lq wkh ulvlqj skdvh ri vhqlrulw| sur0
oh ri pdujlqdo surgxfwlylw| dqg b}￿ 	B }￿ wkhuhdiwhu/ vlqfh wklv zloo eh lqglfdwlyh
ri wkh vkdulqj ri wkh frvw ri vshflf vnloo irupdwlrq e| wkh up dqg wkh zrunhu dv
lv wkh suhglfwlrq ri wkh vshflf fdslwdo k|srwkhvlv1
5161 Phdvxulqj wkh Uhodwlyh Pdjqlwxghv ri Vnloo Irupdwlrq dqg Prelo0
lw| Hhfwv
Wkh mrlqw hvwlpdwlrq ri htxdwlrqv 5164 dqg 5168 wkxv hqdeohv xv wr whvw iru erwk
vnloo irupdwlrq dqg prelolw| hhfwv hyhq lq d vlqjoh furvv0vhfwlrq ri revhuydwlrqv1
Krzhyhu/ zh qhhg wr hvwlpdwh wkh htxdwlrqv lq uvw glhuhqfh ru huuru frpsrqhqw
yhuvlrqv li zh duh wr surfhhg eh|rqg wklv dqg rewdlq dq hvwlpdwh ri wkh pdjqlwxgh
ri hlwkhu hhfw1 Xqiruwxqdwho| wkh vdpsoh vl}h ri upv shu wlph shulrg lv wrr vpdoo
iru ph wr sxuvxh wklv urxwh lq wklv vwxg|1 Lqvwhdg L kdyh wdnhq dgydqwdjh ri wkh
4;dydlodelolw| ri d wkuhh0|hdu sdqho ri revhuydwlrqv rq hduqlqjv dqg uhodwhg fkdudf0
whulvwlfv ri zrunhuv udqgrpo| vdpsohg iurp wkh upv iru zklfk htxdwlrqv 5164 dqg
5168 kdyh ehhq hvwlpdwhg1 Dq hduqlqjv ixqfwlrq dqdo|vlv ri wklv dgglwlrqdo slhfh
ri lqirupdwlrq lv xvhixo lq wzr zd|v1 Iluvw/ lw surylghv d frqyhqwlrqdo ehqfkpdun
djdlqvw zklfk uhvxowv ri hvwlpdwlrq ri up ohyho dyhudjh surgxfwlylw| dqg dyhudjh
zdjh udwh htxdwlrqv fdq eh ylhzhg1 Vhfrqgo|/ lw fdq jlyh xv vrph lghd ri wkh
pdjqlwxgh ri prelolw| hhfwv uhodwlyh wr wkh hhfw ri vnloo irupdwlrq/ li dqg zkhq
wkh h{lvwhqfh ri erwk lv hvwdeolvkhg e| wkh dqdo|vlv ri up ohyho surgxfwlylw| dqg
zdjh gdwd1
Wr vhh wklv/ vxssrvh htxdwlrqv 514 dssolhv wr orqjlwxglqdo revhuydwlrqv vr wkdw


















dqg glvwulexwlrqdo dvvxpswlrqv derxw huuru frpsrqhqwv duh dv vwdwhg ehiruh1
Wrsho +4<<4, kdv sursrvhg d wzr0vwhs LY surfhgxuh iru rewdlqlqj d frqvlvwhqw
hvwlpdwh ri d orzhu erxqg iru wkh wuxh hhfw/ kr
2/ ri mre vhqlrulw| rq zdjhv xvlqj
gdwd rq zlwklq0mre jurzwk ri hduqlqjv1 Wkh uvw vwhs ri wkh surfhgxuh lv wkh dssol0
fdwlrq ri ROV wr wkh uvw glhuhqfh ri 5174/ zklfk uhvxowv lq d frqvlvwhqw hvwlpdwh/











2 uhvshfwlyho| e| dsso|lqj ohdvw vtxduhv wr

















2 n e2 +5175,
zlwk f￿ dv dq lqvwuxphqw iru ff



































zkhuh ￿2 lv wkh frh!flhqw ri wkh uhjuhvvlrq ri f2 rq f￿1 L zloo h{sorlw wzr ihdwxuhv
ri Wrsho*v surfhgxuh iru wkh sxusrvh dw kdqg1 Iluvw/ wkh surfhgxuh frqvlvwhqwo|
47Wkh whupv h4 dqg h5 duh udqgrp huuruv uhvshfwlyho| jlyhq e| ￿z . [5+D ￿ e D, dqg ￿z .














2 duh eldvhg iru wkhlu uhvshfwlyh sdudphwhuv/ e k
UT
￿ lv eldvhg xs iru kr
￿ h{dfwo|
e| wkh vdph dprxqw wkdw e k
UT
2 lv eldvhg grzq iru kr





2 zh fdq fdofxodwh e b
UT
} / e b
UT




}} dv rxu hvwlpdwhv ri b}/ b}} dqg b}b}}

























































lqvwhdg ri e k
UT
￿ zh fdq dovr fdofxodwh dq










}} lv frqvlvwhqw iru wkh vxp ri wkh wuxh uhwxuq wr pdunhw h{shulhqfh
dqg wkh wuxh uhwxuq wr mre0vhqlrulw|1 Khqfh lw lv frqvlvwhqw iru dq xsshu erxqg ri
wkh wuxh uhwxuq wr pdunhw h{shulhqfh1 Lw lv dovr fohdu wkdw Ee b
UT
} h b}*Ee ￿2*e ￿2
lv frqvlvwhqw iru @￿
} n @￿
}}1 Frqvhtxhqwo|/ wkh udwlr ri Ee b
UT





}}  lv frqvlvwhqw iru wkh udwlr ri qhw prelolw| jdlqv/@￿
} n@￿
}}/w rw k hv x pr i
wkh wuxh uhwxuqv wr h{shulhqfh dqg mre vhqlrulw|/ kr
} n kr
}} dqg/ khqfh/ iru d orzhu
erxqg ri wkh udwlr ri qhw prelolw| jdlqv wr wkh uhwxuq wr jhqhudo vnloo irupdwlrq
lq wkh ehwzhhq0mrev jurzwk ri zdjhv1 Uhdg lq frqmxqfwlrq zlwk wkh uhvxowv ri wkh
hvwlpdwlrq ri htxdwlrqv 5164 dqg 5168/ wklv vkrxog jlyh xv vrph lghd ri wkh udwlr
ri qhw prelolw| jdlqv wr wkh uhwxuq wr jhqhudo vnloo irupdwlrq lq wkh ehwzhhq 0mrev
jurzwk ri pdujlqdo surgxfwlylw| zlwk pdunhw h{shulhqfh1
61 Gdwd dqg Uhvxowv
6141 Gdwd
Wkh sdshu lv edvhg rq wkh 4<<6 dqg 4<<8 zdyhv ri wkh Dgglv Deded Lqgxvwuldo
Hqwhusulvh Vxuyh| +DDLHV,1 Wkh 4<<6 zdyh ri wkh vxuyh| fryhuhg d udqgrp vh0
ohfwlrq ri 553 pdqxidfwxulqj hvwdeolvkhphqwv lq wkh wkh Dggglv Deded uhjlrq ri
53Hwklrsld/ ri zklfk 63 zhuh sxeolf hqwhusulvhv1 Wkh 4<<8 zdyh uhylvlwhg doo wkh
sxeolf hqwhusulvhv dqg 497 ri sulydwho| rzqhg upv vxuyh|hg lq wkh 4<<6 zdyh dqg
dq dgglwlrqdo 59 sulydwh upv dv uhsodfhphqw wr wkrvh zklfk h{lwhg wkh vdpsoh
e| 4<<81 Hdfk zdyh lqyroyhg wkh dgplqlvwudwlrq ri d zulwwhq txhvwlrqqdluh wr
hqwhusulvh pdqdjhuv lq vhyhudo prgxohv dqg d vhsdudwh oderxu pdunhw prgxoh wr d
udqgrp vhohfwlrq ri zrunhuv iurp hdfk up1 Wkh gdwd dqdo|vhg khuh zhuh gudzq
iurp uhwxuqv wr wkh surgxfwlrq dqg oderxu pdunhw prgxohv ri wkh txhvwlrqqdluh
wr pdqdjhuv lq erwk zdyhv/ dqg wkh oderxu pdnhw txhvwlrqqdluh wr zrunhuv lq wkh
4<<8 zdyh1
Lw lv srvvleoh wkdw prvw rq0wkh0mre vnloo irupdwlrq lq upv vdpsohg iru wkh
vxuyh| lv gxh wr ohduqlqj0e|0grlqj1 Krzhyhu/ lw lv dovr fohdu wkdw erwk upv dqg
zrunhuv dfwlyho| lqyhvw lq vnloov wkurxjk dssuhqwlfhvkls surjudpphv dqg srvw0
dssuhqwlfhvkls wudlqlqj vfkhphv1 W|slfdoo|/ d qhz uhfuxlw zlwk qr sulru zrun
h{shulhqfh mrlqv d up xqghu dq dssuhqwlfhvkls surjudpph odvwlqj iru derxw d
|hdu1 Iru lqvwdqfh/ vrph 6; shu fhqw ri hpsor|hhv ri sulydwh upv fryhuhg lq
wkh 4<<8 zdyh kdg sdvvhg wkurxjk ru zhuh xqghujrlqj vxfk d surjudpph lq wkh
suhvhqw up1 Dqrwkhu 55 shu fhqw kdg grqh wkhlu dssuhqwlfhvkls lq rwkhu upv exw
zlwklq wkh vdph lqgxvwu| +Wdeoh 614,1 Wkh sursruwlrq ri zrunhuv zkr kdyh kdg
wkhlu dssuhqwlfhvkls zlwk wkh suhvhqw hpsor|hu qdwxudoo| ghfuhdvhv dv zh pryh
xs djh jurxsv iurp derxw 7: shu fhqw zlwklq wkh 308 |hdu h{shulhqfh jurxs wr
derxw 63 shu fhqw iru wkrvh 49 |hduv ru pruh ri h{shulhqfh1 Fruuhvsrqglqjo| wkh
sursruwlrq ri wkrvh zkr kdg wkhlu dssuhqwlfhvkls hovhzkhuh lq wkh vdph lqgxvwu|
ulvhv zlwk wlph lq wkh oderxu pdunhw iurp derxw 44 shu fhqw iru wkh 308 |hdu
h{shulhqfh jurxs wr ohvv wkdq 5< shu fhqw iru wkrvh zlwk 49 |hduv ru pruh ri
pdunhw h{shulhqfh1 Dw wkh wlph ri wkh 4<<6 zdyh/ derxw 46 shu fhqw ri zrunhuv
lq sulydwh upv zhuh xqghujrlqj srvw0dssuhqwlfhvkls rq0wkh0mre wudlqlqj1 Wkh
lqflghqfh ri fxuuhqw rq0wkh0mre wudlqlqj ghfuhdvhv zlwk djh iurp 53 shu fhqw iru
wkrvh zlwk yh |hduv ru ohvv ri wlph lq wkh oderxu pdunhw wr derxw ; shu fhqw iru
wkrvh zlwk 49 |hduv ru pruh ri pdunhw h{shulhqfh1
Wkh vxuyh| dovr vkrzv wkdw hpsor|huv dqg zrunhuv xvh d ydulhw| ri irupdo
dqg lqirupdo fkdqqhov wr jdwkhu dqg glvvhplqdwh lqirupdwlrq lq wkh mre pdwfk0
lqj surfhvv1 E| irupdo fkdqqhov L phdq r!fldo dgyhuwlvhphqw ri mrev dqg wkh
uhjlvwudwlrq ri ydfdqflhv dqg zrunhuv* dydlodelolw| wkurxjk hpsor|phqw djhqflhv1
Hpsor|huv duh uhvruwlqj wr lqirupdo fkdqqhov zkhq wkh| xvh cexvlqhvv dvvrfldwhv*/
fxuuhqw hpsor|hhv ru ciulhqgv dqg uhodwlyhv* dv lqirupdqwv ru uhihuhhv1 Grru0wr0grru
lqtxlu| iru ydfdqflhv dqg wkh xvh ri iulhqgv ru uhodwlyhv dv vrxufhv ri lqirupdwlrq rq
wkh vdph duh doo lqvwdqfhv ri wkh xvh ri lqirupdo fkdqqhov e| mre vhhnhuv1 Dowkrxjk
54Wdeoh 614= Rq0wkh0mre Dfwlyh Wudlqlqj/ Sulydwh Vhfwru Zrunhuv/ DDLHV/ 4<<61
Pdunhw H{shulhqfh lq |hduv Doo zrunhuv
308 9043 44048 49 .
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Qxpehu ri zrunhuv 546 578 4<7 673 <<5
wkh udqjh ri dydlodeoh fkdqqhov lv wkxv vlplodu wr wkdw irxqg lq wkh ghyhorshg zruog/
wkh vxuyh| dovr vkrzv wkdw wkh xvh ri irupdo fkdqqhov lq Hwklrsld lv uhvwulfwhg do0
prvw hqwluho| wr wkh sxeolf vhfwru1 Wklv fdq eh vhhq iurp Wdeohv 615 dqg 6161
Dvnhg wr vshfli| wkh prvw frpprq zd| ri qglqj qhz zrunhuv/ ohvv wkdq 8 shu
fhqw ri sulydwho| rzqhg upv fryhuhg lq wkh 4<<6 zdyh flwhg r!fldo dgyhuwlvlqj
ru wkh xvh ri hpsor|phqw djhqflhv djdlqvw d fruuhvsrqglqj jxuh ri <6 shu fhqw
iru sxeolf hqwhusulvhv +Wdeoh 615,1 Derxw 88 shu fhqw ri sulydwh upv lghqwlhg
uhodwlyhv/ iulhqgv ru exvlqhvv dvvrfldwhv dv wkh prvw frpprq vrxufh ri lqirupd0
wlrq rq qhz zrunhuv zkloh dqrwkhu 69 shu fhqw lghqwlhg fxuuhqw hpsor|hhv dv wkh
prvw frpprq vrxufh1 Lq uhvsrqvh wr wkh txhvwlrq dv wr krz d zrunhu uvw fdph
wr nqrz derxw klv2khu fxuuhqw mre/ ohvv wkdq 7 shu fhqw ri sulydwh vhfrwu zrunhuv
lq 4<<8 vdpsoh flwhg irupdo fkdqqhov djdlqvw d fruuhvsrqglqj jxuh ri ;; shu fhqw
iru sxeolf hqwhusulvh hpsor|hhv1 Derxw 76 shu fhqw ri sulydwh vhfwru zrunhuv vdlg
wkdw wkh| uvw khdug derxw wkh fxuuhqw mre iurp rzq uhodwlyhv ru iulhqgv1 Dqrwkhu
54 shu fhqw zhuh wlsshg r e| iulhqgv ru uhodwlyhv ri wkh rzqhu ri wkh up1 Vrph
65 shu fhqw glvfryhuhg wkh mre lq wkh frxuvh ri grru0wr0grru vhdufk ru khdug derxw
lw ce| zrug ri prxwk*1 Lq frqwudvw/ lqirupdo fkdqqhov surylghg uvw lqirupdwlrq
rq wkh fxuuhqw mre iru rqo| : shu fhqw ri sxeolf vhfwru zrunhuv1 Wkh jxuh iru wkh
55Wdeoh 615= Glvwulexwlrq ri Ilupv e| wkh Prvw Frpprq Zd| ri Ilqglqj Zrunhuv/
DDLHV/ 4<<6
Prvw frpprq zd| ri ￿qg0
lqj zrunhuv
Sulydwh Ilupv Sxeolf Hqwhusulvhv
Qxpehu ( Qxpehu (
Uhodwlyhv/ iulhqgv ru dvvr0
fldwhv ri wkh rzqhu
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Hpsor|hhv 99 6818 59 1 9
R!fldo dgyhuwlvhphqw 96 1 5 45 7313
Hpsor|phqw R!fh 54 1 4 49 8617
Rwkhu 43 817 00
Wrwdo 4;9 43313 63 43313
sursruwlrq ri sulydwh vhfwru mre vhhnhuv zkr xvh irupdo fkdqqhov lv h{wuhpho| orz
frpsduhg wr zkdw lv revhuyhg lq ghyhorshg hfrqrplhv1 Iru lqvwdqfh/ d vxuyh| ri
vhdufk phwkrgv e| xqhpsor|hg |rxwk lq wkh Xqlwhg Vwdwhv lq wkh hduo| 4<;3v uh0
yhdohg wkdw derxw 8; shu fhqw ri wkhp frqvxowhg qhzvsdshu dgv zkloh 87 shu fhqw
xvhg sxeolf hpsor|phqw djhqflhv +Kro}hu/ 4<;;,1 Rq wkh rwkhu kdqg/ lw vkrxog
eh qrwhg wkdw wkh vdph XV vxuyh| dovr vkrzhg wkdw wkh sursruwlrq ri mre vhhnhuv
z k rx v h gl q i r u p d ov r x u f h vz d vd o v rd o p r v wd vk l j kd vw k hH w k l r s l d q j x u hi r u
mre0vhhnhuv lq wkh sulydwh vhfwru= vrph ;8 shu fhqw ri wkh XV uhvsrqghqwv uhsruwhg
wr kdyh xvhg iulhqgv ru uhodwlyhv dv vrxufhv ri lqirupdwlrq1
Htxdwlrqv 5164 dqg 5168 zhuh hvwlpdwhg rq wkh edvlv ri 678 revhuydwlrqv rq
sulydwho| rzqhg hvwdeolvkphqwv srrohg iurp wkh wzr zdyhv1 D up zdv lqfoxghg lq
wklv vdpsoh rqo| li lw phw wzr fulwhuld/ qdpho|/ wkdw lw zdv sulydwho| rzqhg dqg wkdw
frpsohwh revhuydwlrqv zhuh dydlodeoh rq wkh up iurp wkh 4<<8 zdyh1 Wklv phdqw
wkdw d 4<<6 revhuydwlrq zdv lqfoxghg lq wkh srro rqo| li lw zdv frpsohwh dqg uhodwhg
wr d sulydwho| rzqhg up rq zklfk frpsohwh revhuydwlrqv zhuh dydlodeoh iurp wkh
4<<8 zdyh1 Sxeolf hqwhusulvhv kdyh ehhq h{foxghg iurp wkh vdpsoh dqdo|vhg khuh
ehfdxvh ri wkh hylghqfh wkdw sxeolf vhfwru mrev lq Hwklrsld duh udwlrqhg dqg wkh
dssduhqw glhuhqfh lq wkh mre0pdwfklqj surfhvv ehwzhhq wkh sxeolf dqg sulydwh
vhfwruv1 Hduqlqjv ixqfwlrq hvwlpdwhv duh edvhg rq revhuydwlrqv rq 477; ri wkh
zrunhuv fryhuhg e| wkh 4<<8 zdyh1 Wkh vdpsoh vhohfwlrq fulwhulrq xvhg khuh zdv
wkdw dq revhuydwlrq uhodwhg rqo| wr d zrunhu zkr kdg ehhq frqwlqxrxvo| hpsor|hg
iru dw ohdvw wkuhh |hduv e| 4<<8 lq d up ehorqjlqj wr wkh vdpsoh xvhg wr hvwlpdwh
htxdwlrqv 5164 dqg 51681 Wkh uhtxluhphqw ri d plqlpxp ri wkuhh0|hdu frqwlqxrxv
56Wdeoh 616= Glvwulexwlrq ri Vdpsoh Zrunhuv e| Vrxufh ri Iluvw Slhfh ri Lqiurpdwlrq
Derxw wkh Fxuuhqw Mre/ DDLHV/ 4<<80zdyh1
Krz glg |rx ￿uvw khdu
derxw |rxu fxuuhqw mreB
Sulydwh vhfwru zrunhuv Sxeolf vhfwru zrunhuv
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hpsor|phqw rq wkh vdph mre lv wkh rqo| zd| ri hqvxulqj wkdw hduqlqjv ixqfwlrq
hvwlpdwhv duh qrw frqwdplqdwhg e| hduqlqjv gdwd iurp sdvw hpsor|phqw lq upv
rxwvlgh ri wkh vdpsoh xvhg wr hvwlpdwh wkh surgxfwlylw| dqg zdjh htxdwlrqv1
Iru wkh sxusrvh ri hvwlpdwlrq/ htxdwlrq 5168 kdv ehhq dxjphqwhg wr lqfoxgh
gxpp| yduldeohv dv frqwurov iru yduldwlrq lq |hdu ri revhuydwlrq/ frpsrvlwlrq ri
zrun irufh e| ohyho ri vfkrrolqj/ jhqghu frpsrvlwlrq ri wkh zrun irufh/ hpsor|0
phqw vl}h ri wkh up/ djh ri wkh up/ dyhudjh djh ri htxlsphqw/ pdlq phwkrg ri
surgxfwlrq dqg lqgxvwu|1 Zlwk wkh h{fhswlrq ri wkrvh uhodwlqj wr wkh djh ri wkh
up dqg wkh dyhudjh djh ri lwv htxlsphqw/ wkh vdph gxpp| yduldeohv dovr jxuh
lq wkh hvwlpdwhg yhuvlrq ri htxdwlrq 51641 Ghqlwlrqv ri wkhvh dqg edvlf yduldeohv
ri wkh wzr htxdwlrqv duh jlyhq lq Wdeoh 618 dorqj zlwk ghvfulswlyh vwdwlvwlfv1 Rxw0
sxw/ zdjh dqg fdslwdo vwrfn jxuhv iru 4<<60revhuydwlrqv zhuh doo h{suhvvhg dw
4<<8 sulfhv xvlqj wkh Dgglv Deded Uhwdlo Sulfh Lqgh{ ehiruh srrolqj revhuydwlrqv
dfurvv wkh wzr zdyhv ri wkh vxuyh|1 Rxwsxw lv ghqhg dv dqqxdo surgxfwlrq ohvv
wkh ydoxh ri lqwhuphgldwh lqsxwv dqg xwlolw| fkdujhv1 Wkh fruuhvsrqglqj dqqxdo
fdslwdo lqsxw lv sur{lhg e| wkh hvwlpdwhg fxuuhqw vdohv ydoxh ri htxlsphqw dw 4<<8
sulfhv1 Wlph lq wkh oderxu pdunhw ru srwhqwldo h{shulhqfh lv phdvxuhg dv djh
h{suhvvhg wr wkh qhduhvw |hdu plqxv |hduv ri vfkrrolqj plqxv vl{1 Mre vhqlrulw|
57Wdeoh 617= Phdq dqg Vwdqgdug Ghyldwlrqv ri Vkduhv ri H{shulhqfh0Vhqlrulw| Fhoov
lq Dqqxdo Oderxu Lqsxw1
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lv phdvxuhg dv wkh qhduhvw ixoo qxpehu ri frqwlqxrxv |hduv ri hpsor|phqw lq wkh
fxuuhqw up1 H{shulhqfh0vhqlrulw| fhoov ri wkh zrun irufh ri d up duh ghqhg lq
whupv ri irxu ohyhov ru |hdu lqwhuydov/ qdpho|/ 8 |hduv ru ohvv/ 9 wr 43 |hduv/ 44 wr 48
|hduv dqg 49 |hduv ru ryhu1 Wkh edvh fhoo frqvlvwv ri zrunhuv zlwk 8 |hduv ru ohvv ri
srwhqwldo pdunhw h{shulhqfh1 Wkh vkduh ri dq h{shulhqfh0vhqlrulw| fhoo ri zrunhuv
lq wkh dqqxdo lqsxw ri oderxu lq d up lv ghqhg dv wkh udwlr ri dqqxdo krxuv ri
zrunhuv lq wkh fhoo wr wrwdo dqqxdo krxuv ri doo zrunhuv lq wkh up1 Ghvfulswlyh
vwdwlvwlfv iru vkduhv ri lqglylgxdo fhoov duh jlyhq lq Wdeoh 6171
Wdeoh 619 jlyhv ghvfulswlyh vwdwlvwlfv dqg ghqlwlrqv ri yduldeohv xvhg lq wkh
hvwlpdwlrq ri hduqlqjv ixqfwlrqv1 Hduqlqjv ixqfwlrq hvwlpdwhv lq ohyhov uhihu wr
4<<7 dqg 4<<8 revhuydwlrqv iru zrunhuv hpsor|hg frqwlqxrxvo| lq wkh fxuuhqw up
iru dw ohdvw wkh sdvw wkuhh |hduv1 Hduqlqjv ixqfwlrq hvwlpdwhv lq uvw glhuhqfh
duh edvhg rq wkh glhuhqfh ehwzhhq 4<<8 krxuo| zdjhv iru wkh vdph zrunhuv dqg
wkhlu 4<<7 krxuo| zdjhv/ wkh odwwhu kdylqj uvw ehhq h{suhvvhg dw 4<<8 sulfhv1
Wkh frqwuro gxpplhv xvhg lq wkh hvwlpdwlrq ri hduqlqj ixqfwlrqv lq ohyhov uhodwh
wr vfkrrolqj/ jhqghu/ lqgxvwu| dqg hpsor|phqw vl}h1
58Wdeoh 618= Ghvfulswlyh Vwdwlvwlfv Iru Yduldeohv Lq Ilup Ohyho Surgxfwlylw| dqg
Zdjh Htxdwlrqv
Yduldeoh Yduldeoh Gh￿qlwlrq Phdq V1G
ZDJH Orj zdjh eloo shu pdq krxu 317;<4 414:<9
RXWSXW Orj rxwsxw shu pdq krxu 4158;< 4153<4
FDSLWDO Orj fdslwdo vwrfn shu pdq krxu 4198:3 419979
KRXUV Orj dqqxdo krxuv 43146 31<7<7
VL]H5 Gxpp|@4 li hpsor|phqw vl}h lv 44053 zrunhuv 3154 3174
VL]H6 Gxpp|@4 li hpsor|phqw vl}h lv 54083 zrunhuv 3149 3169
VL]H7 Gxpp|@4 li hpsor|phqw vl}h lv 840433 zrunhuv 3139 3158
VL]H8 Gxpp|@4 li hpsor|phqw vl}h lv pruh wkdq 433 3137 3145
DJH5 Gxpp|@4 li wkh djh ri wkh iulp lv 8043 |hduv 3146 3166
DJH6 Gxpp|@4 li wkh djh ri wkh ￿up lv 44053 |hduv 315; 3178
DJH7 Gxpp|@4 li wkh djh ri wkh ￿up lv pruh wkdq 53 |hduv 3159 3177
HTDJH5 Gxpp|@4 li wkh dyhudjh djh ri htxlsphqw lv 9043 |hduv 3154 3174
HTDJH6 Gxpp|@4 li wkh dyhudjh djh ri htxlsphqw lv 44048 |hduv 3148 3169
HTDJH7 Gxpp|@4 li wkh phdq djh ri htxlsphqw h{fhhgv 48 |uv 3154 3174
FUDIW Gxpp|@4 li wkh pdlq phwkrg ri surgxfwlrq lv fudiw zrun1 314; 316<
EDWFK Gxpp|@4 li wkh pdlq phwkrg ri surgxfwlrq lv edwfk prgh1 313; 315;
WHDP Gxpp|@4 li wkh pdlq phwkrg ri surgxfwlrq lv whdp zrun 3164 317:
GSULP Gxpp|@4 li pruh wkdq <3( ri hpsor|hhv kdyh frpsohwhg
sulpdu| vfkrro
31:5 3178
GVHF Gxpp|@4 li pruh wkdq 8;( ri hpsor|hhv kdyh frpsohwhg
vhfrqgdu| vfkrro
317: 3183
GYRF Gxpp|@4 li wkh ￿up hpsor|v dw ohdvw rqh judgxdwh ri d
yrfdwlrqdo froohjh
3146 3167
SURIHP5 Gxpp|@4 li d whqwk wr d txduwhu ri hpsor|hhv duh ihpdoh 315< 3178
SURIHP6 Gxpp|@4 li d txduwhu wr d kdoi ri hpsor|hhv duh ihpdoh 3166 317:
SURIHP7 Gxpp|@4 li pruh wkdq kdoi ri hpsor|hhv duh ihpdoh 3144 3165
4<<8 Gxpp|@4 iru d 4<<8 revhuydwlrq 386 3183
WH[W Gxpp|@4 iru wh{wlohv ￿upv 313: 3158
JDUP Gxpp|@4 iru jduphqw surgxflqj ￿upv 3149 316:
NQLW Gxpp|@4 iru nqlwzhdu surgxfhu 3145 3166
OHDWK Gxpp|@4 iru ohdwkhu surgxfwv 3148 3169
ZRRG Gxpp|@4 iru ixuqlwxuh dqg zrrg zrung 3145 3166
59Wdeoh 619= Ghvfulswlyh Vwdwlvwlfv Iru Yduldeohv lq Hduqlqjv Ixqfwlrqv
Yduldeohv Gh￿qlwlrq Phdq V1G
OQUZDJH Orj krxuo| zdjh dw 4<<8 sulfhv 3173::3 31:;4;
{OQUZDJH Dqqxdo fkdqjh lq OQUZDJH 31337: 31574;
H[SU Srwhqwldo pdunhw h{shulhqfh lq |hduv 4;19<; 471735
H[SUVT2f2 H[SU vtxduhg2f2 8189< ;18;:
H[SUFE2f￿ H[SU fxehg2f￿ 541:53 791<78
H[SUTU2fe H[SU udlvhg wr wkh 7wk srzhu2fe <;1;68 5;61898
WHQXUH Qxpehu ri |hduv rq wkh fxuuhqw mre ;18;: :1<:8
WHQXUHVT2f2 WHQXUH vtxduhg2f2 416:9 51::;
WHQXUHFE2f￿ WHQXUH fxehg2f￿ 6158; 43175;
WHQXUHTU2fe WHQXUH udlvhg wr wkh 7wk srzhu2fe <81<9< 7615<<
{H[SUVT2f2 dqqxdo fkdqjh lq H[SUVT2f2 31736 316:6
{H[SUFE2f￿ dqqxdo fkdqjh lq H[SUFE2f￿ 419<6 517<8
{H[SUTU2fe dqqxdo fkdqjh lq H[SUTU2fe ;187: 4;16:9
{WHQXUHVT2f2 dqqxdo fkdqjh lq WHQXUHVT2f2 31499 31493
{WHQXUHFE2f￿ dqqxdo fkdqjh lq WHQXUHFE2f￿ 316<; 31;47
{WHQXUHTU2fe dqqxdo fkdqjh lq WHQXUHTU2fe 41587 71358
HGXF4 Gxpp|@4 li kljkhvw ohyho ri hgxfdwlrq frp0
sohwhg lv sulpdu|
3169 317;
HGXF5 Gxpp|@4 li kljkhvw ohyho ri hgxfdwlrq frp0
sohwhg lv vhfrqgdu|
316; 317<
HGXF6 Gxpp|@4 li kdyh kdg whuwldu| hgxfdwlrq 3143 3143
VL]H5<8 Gxpp|@4 iru hpsor|hu vl}h lq 4<<8 zdv 440
53 zrunhuv
3155 3174
VL]H6<8 Gxpp|@4 li hpsor|hu vl}h lq 4<<8 zdv 54083
zrunhuv
3159 3177
VL]H7<8 Gxpp|@4 li hpsor|hu vl}h lq 4<<8 zdv 840433
zrunhuv
315: 3177
VL]H8<8 Gxpp|@4 li hpsor|hu vl}h lq 4<<8 zdv pruh
wkdq 433 zrunhuv
3149 316:
IHPDOH Gxpp|@4 li ihpdoh 3156 3175
5:6151 Uhvxowv
615141 Suroh Pdwulfhv ri Uhodwlyh Pdujlqdo Surgxfwlylw| dqg Uhodwlyh
Zdjhv
Qrq0olqhdu VXU hvwlpdwhv ri wkh up ohyho dyhudjh surgxfwlylw| dqg zdjh udwh
htxdwlrqv duh uhsruwhg lq Wdeoh 61:1 Wkh surgxfwlylw| htxdwlrq lv hvwlpdwhg edvhg
rq wkh Free0Grxjodv vshflfdwlrq1 Sdudphwhuv ri wkh uhodwlyh pdujlqdo surgxf0
wlylw| htxdwlrq fdq eh ghulyhg dqg hvwlpdwhg iru dq|  h{leoh vshflfdwlrq ri wkh
surgxfwlrq ixqfwlrq ri wkh up lqfoxglqj wkh wudqvorj1 Krzhyhu/ edvhg rq wkh
hvwlpdwlrq ri wkh htxlydohqw ri htxdwlrq 5168 xqghu wkh wudqvorj vshflfdwlrq/ d
Zdog whvw frxog qrw uhmhfw wkh Free0Grxjodv uhvwulfwlrqv dw d uhdvrqdeoh ohyho
ri vljqlfdqfh +s0ydoxh@317547,1 Hvwlpdwhv ri frh!flhqwv ri frqwuro yduldeohv/
qdpho|/ |hdu ri revhuydwlrq/ vfkrrolqj/ lqgxvwu|/ up vl}h/ up djh/ dyhudjh djh
ri htxlsphqw dqg prgh ri surgxfwlrq duh uhsruwhg lq wkh Dsshqgl{1 Lq Wdeohv
61; dqg 61</ L uhsruw wkh h{shulhqfh0vhqlrulw| suroh pdwulfhv ri uhodwlyh pdujlqdo
surgxfwlylw| dqg uhodwlyh zdjhv dv uhdg iurp Wdeoh 61:1 S0ydoxhv ri Zdog whvwv ri
zlwklq dqg furvv0htxdwlrq uhvwulfwlrqv ri lqwhuhvw uhodwlqj wr wkh surohv ri pdu0
jlqdo surgxfwlylw| dqg zdjhv duh uhsruwhg lq Wdeoh 61431
Lq Wdeoh 61;/ hdfk hohphqw lv dq hvwlpdwh ri wkh h{shfwhg zdjh udwh ri d zrunhu
ri d jlyhq ohyho ri pdunhw h{shulhqfh dqg d jlyhq ohyho ri mre vhqlrulw| uhodwlyh wr
wkh h{shfwhg zdjh udwh ri d zrunhu lq wkh edvh jurxs/ wkdw lv/ d zrunhu iru zkrp
pdunhw h{shulhqfh lv yh |hduv dw prvw1 Wkh fruuhvsrqglqj hqwu| lq Wdeoh 61<
hvwlpdwhv wkh h{shfwhg pdujlqdo surgxfw ri d zrunhu lq wkh vdph h{shulhqfh0
vhqlrulw| jurxs uhodwlyh wr wkh h{shfwhg pdujlqdo surgxfw ri d zrunhu lq wkh edvh
jurxs1 Lq hlwkhu wdeoh/ d froxpq vkrzv krz wkh h{shfwhg uhodwlyh pdujlqdo surgxfw
ru uhodwlyh zdjh fkdqjhv dv pdunhw h{shulhqfh ulvhv iurp rqh 80|hdu ohyho wr wkh
qh{w dvvxplqj wkdw mre vhqlrulw| lv dozd|v {hg dw vrph 80|hdu ohyho1 D urz
ghvfulehv krz wkh h{shfwhg uhodwlyh pdujlqdo surgxfw ru wkh h{shfwhg uhodwlyh
zdjh fkdqjhv dv mre0vhqlrulw| lqfuhdvhv iurp rqh 80|hdu ohyho wr wkh qh{w exw/
wklv wlph/ dvvxplqj wkdw pdunhw h{shulhqfh lv {hg dw vrph 80|hdu ohyho1 Wkh
uvw froxpq pdsv rxw wkh hvwlpdwhg ehwzhhq0mrev h{shulhqfh suroh ri h{shfwhg
uhodwlyh pdujlqdo surgxfwlylw| ru zdjhv iru d ixoo| preloh zrunhu/ wkdw lv/ d zrunhu
zkr fkdqjhv mrev dw ohdvw rqfh hyhu| yh |hduv1 Gldjrqdo hohphqwv hvwlpdwh wkh
fruuhvsrqglqj zlwklq0mre jurzwk vlqfh wkh| uhihu wr d qrq0preloh zrunhu/ l1h1/
dz r u n h uz k rk d vq h y h uf k d q j h gk l vm r ev l q f hk l v u v w y h| h d u vl qw k ho d e r x u
pdunhw1 R gldjrqdo hohphqwv rwkhu wkdq wkrvh lq wkh uvw froxpq hvwlpdwh wkh
h{shfwhg uhodwlyh pdujlqdo surgxfw ru zdjh ri d zrunhu lq dq lqwhuphgldwh vwdwh
5;Wdeoh 61:= Qrq0olqhdu VXU Hvwlpdwhv ri wkh Vwuxfwxudo Sdudphwhuv ri wkh Dyhudjh
Zdjh dqg Dyhudjh Surgxflwylw| Htxdwlrqv1
Dyhudjh Krxuo| Dyhudjh Krxuo|
Zdjh Htxdwlrq Surgxfwlylw| Htxdwlrq
Edvh Uhodwlyh Zdjh/ b}/
ru Uhodwlyh Pdujlqdo Surgxfw/ B}/
H{shulhqfh ohyho= 9043 |hduv 416536 4197;9
+3165;<<, +3177<;9,
44048 |hduv 41689; 515865
+3165439, +3179865,
49 |hduv ru pruh 41:878 41:;;5
+3178;9<, +318;:4:,
Uhodwlyh Zdjh/ b}￿/ ru Uhodwlyh
Pdujlqdo Surgxfw/ B}￿/ ri Vhqlrulw| Jurxsv
H{shulhqfh 9043 |hduv
Vhqlrulw| Ohyho




9043 |hduv 31::77 315938
+318678:, +3167944,
44048 |hduv 41:45; 4139<9
+31;3776, +319867:,
H{shulhqfh 49 |hduv ru pruh
Vhqlrulw| Ohyho
9043 |hduv 31;<83 0313;5<
+318;<8;, +318744:,
44048 |hduv 41464: 315996
+31<7:53, +318:9:6,








Qrwh= Vwdqgdug huuruv lq sduhqwkhvhv1 5<Wdeoh 61;= Hvwlpdwhg H{shulhqfh0Vhqlrulw| Suroh Pdwul{ ri Uhodwlyh Zdjhv
OHYHOV RI MRE VHQLRULW\
b}b}￿
H[SHULHQFH= 8 |hduv ru ohvv +b}, 9043 |hduv 44048 |hduv 49 |hduv ru pruh
8 |hduv ru ohvv 413333
9043 |hduv 416536 41366;
+3165;<<, +31:<978,
44048 |hduv 41689; 41383; 516573
+3165439, +319:5;<, +31<7<8,
49 |hduv ru pruh 41:878 418:35 41<;89 517585
+3178;9<, +31<797, +418787, +319579,
Qrwh= Vwdqgdug huuruv lq sduhqwkhvhv1
ri prelolw|/ wkdw lv/ d zrunhu zkr grhv fkdqjh mrev exw ohvv iuhtxhqwo| wkdq dw
ohdvw rqfh hyhu| yh |hduv1
Lw lv fohdu iurp Wdeoh 61; wkdw wkhuh lv vxevwdqwldo ehwzhhq0mrev jurzwk lq
zdjhv dv pdunhw h{shulhqfh lqfuhdvhv dqg wkh qxoo ri d  dw h{shulhqfh suroh ri
zdjhv lv uhmhfwhg iru ixoo| preloh zrunhuv +Wdeoh 6143,1 Iru lqvwdqfh/ wkh h{shfwhg
zdjh udwh ri d ixoo| preloh zrunhu zlwk 44 wr 48 |hduv ri pdunhw h{shulhqfh lv 68
shu fhqw kljkhu wkdq wkh h{shfwhg udwh ri d zrunhu lq wkh edvh jurxs zkloh wkh
h{shfwhg zdjh udwh ri d zrunhu zlwk d plqlpxp ri 49 |hduv ri h{shulhqfh lv :8 shu
fhqw kljkhu wkdq wkh edvh1 Hylghqfh wkdw dw ohdvw d sduw ri wklv jurzwk lq zdjhv
zlwk h{shulhqfh lv wkh uhwxuq wr rq0wkh0mre vnloo irupdwlrq ru pdwfk lpsuryhphqw
wkurxjk prelolw| lv surylghg e| wkh uvw froxpq ri Wdeoh 61</ iurp zklfk zh uhdg
wkdw wkh h{shfwhg uhodwlyh pdujlqdo surgxfw ri d ixoo| preloh zrunhu dovr jurzv
zlwk h{shulhqfh doehlw dw d ghfuhdvlqj udwh1 Wkh qxoo ri d  dw h{shulhqfh suroh
ri pdujlqdo surgxfwlylw| lv dovr uhmhfwhg iru wkh vxfk d zrunhu hyhq pruh hdvlo|
wkdq wkh qxoo wkdw wkh h{shulhqfh suroh ri klv zdjh udwh lv  dw +Wdeoh 6143,1
Qrwlfh dovr wkdw pdujlqdo surgxfwlylw| jurzv idvwhu wkdq wkh zdjh udwh iru d ixoo|
preloh zrunhu1 Wkxv/ dv pdunhw h{shulhqfh lqfuhdvhv iurp 8 wr 43 |hduv/ h{shfwhg
pdujlqdo surgxfwlylw| jurzv wr 98 shu fhqw kljkhu wkdq wkh edvh1 D ixuwkhu yh
|hdu lqfuhdvh lq h{shulhqfh pruh wkdq grxeohv h{shfwhg pdujlqdo surgxfwlylw|
uhodwlyh wr wkh edvh1 Pdujlqdo surgxfwlylw| idoov dv h{shulhqfh lqfuhdvhv iurp wkhq
63Wdeoh 61<= Hvwlpdwhg H{shulhqfh0 Vhqlrulw| Suroh ri Uhodwlyh Pdujlqdo Surgxf0
wlylw|1
OHYHO RI MRE VHQLRULW\
B}B}￿
H[SHULHQFH= 8 |hduv ru ohvv +B}, 9043 |hduv 44048 |hduv 49 |hduv ru pruh
8 |hduv ru ohvv 413333
9043 |hduv 4197;9 416699
+3177<;9, +413<86,
44048 |hduv 515865 318;:3 517433
+3179865, +31:978, +416:55,
49 |hduv ru pruh 41:;;5 03147;6 317:96 51:858
+318;:4:, +31<9<<4, +413537, +31<9359,
Qrwh= Vwdqgdug huuruv lq sduhqwkhvhv1
rqzdugv1 Krzhyhu/ wkh h{shfwhg pdujlqdo surgxfw ri d ixoo| preloh zrunhu zlwk
dw ohdvw 49 |hduv ri pdunhw h{shulhqfh lv vwloo qhduo| ;3 shu fhqw kljkhu wkdq wkh
edvh1 Lw lv qrw vxusulvlqj/ wkhuhiruh/ wkdw wkh qxoo wkdw wkh h{shulhqfh suroh ri
pdujlqdo surgxfw lv lghqwlfdo wr wkh fruuhvsrqglqj zdjh suroh lv hdvlo| uhmhfwhg
iru d ixoo| preloh zrunhu +Wdeoh 6143,1 Wklv lv hylghqfh wkdw dw ohdvw vrph ri wkh
revhuyhg ehwzhhq0mrev jurzwk lq pdujlqdo surgxfwlylw| lv wkh uhwxuq wr jhqhudo
vnloo irupdwlrq/ vlqfh wkh whvw rxwfrph lv sulpdulo| d frqvhtxhqfh ri d zrunhu zlwk
48 |hduv ru ohvv ri h{shulhqfh ehlqj sdlg ohvv wkdq pdujlqdo surgxfw zkloh wkhuh
lv qr hylghqfh wkdw B} lv glhuhqw iurp b} iru roghu zrunhuv1 Rq wkh rwkhu kdqg/
wkh qxoo wkdw prelolw| jdlqv kdyh qrwklqj wr gr zlwk wkh revhuyhg ehwzhhq0mrev
jurzwk lq pdujlqdo surgxfwlylw| lv dovr uhmhfwhg1 Hvwlpdwhv ri B￿2/ Be2 dqg Be￿
duh doo vljqlfdqwo| ohvv wkdq xqlw| +Wdeoh 61:, dv d uhvxow ri zklfk wkh hvwlpdwh
ri B￿B￿2 lv vljqlfdqwo| vpdoohu wkdq wkdw ri B￿ zkloh hvwlpdwhv ri BeBe2 dqg BeBe￿
duh erwk vljqlfdqwo| vpdoohu wkdq wkdw ri Be +Wdeoh 61<,1 Wkh ryhudoo frqfoxvlrq
wr eh gudzq iurp wkh hvwlpdwhg h{shulhqfh surohv ri pdujlqdo surgxfwlylw| dqg
zdjhv iru d ixoo| preloh zrunhu lv wkhq wzr0irog1 Iluvw/ wkhuh lv hylghqfh wkdw
dw ohdvw d sduw ri wkh revhuyhg ehwzhhq0mrev jurzwk ri zdjhv lv gxh wr ehwzhhq0
mrev jurzwk lq pdujlqdo surgxfwlylw| dqg/ khqfh/ pxvw eh uhjdughg dv wkh uhvxow ri
pdwfk lpsuryhphqw ru uhwxuq wr rq0wkh0mre vnloo irupdwlrq1 Vhfrqgo|/ wkh revhuyhg
64Wdeoh 6143= S0Ydoxhv ri Zdog Whvwv ri Uhvwulfwlrqv rq Pdujlqdo Surgxfw dqg Zdjh
Surohv1
Uhvwulfwlrq S0ydoxh
Iodw h{shulhqfh sur￿oh ri wkh zdjh udwh/
l1h1/ b} 'c}'2 cce 313557:
Iodw h{shulhqfh sur￿oh ri pdujlqdo surgxfw/
l1h1/ B} '/o } '2 cce 3133344
Lghqwlfdo h{shulhqfh dqg vhqlrulw| sur￿ohv
ri pdujlqdo surgxfw dqg wkh zdjh udwh/ l1h1/
b} ' B} /c}'2 cce 3133695
Iodw mre0vhqlrulw| sur￿ohv ri wkh zdjh udwh/
l1h1/ b}￿ '/ 2    }c } '2 cce 31;8:68
Iodw mre0vhqlrulw| sur￿ohv ri pdujlqdo surgxfw/
l1h1/ B}￿ '/ 2    }c } '2 cce 3133334
Lghqwlfdo mre vhqlrulw| sur￿ohv
ri pdujlqdo surgxfw dqg wkh zdjh udwh/
b}￿ ' B}￿ /   }/ } '2 cce 313;68:
Iodw h{shulhqfh dqg vhqlrulw| sur￿oh ri wkh zdjh udwh
l1h1/ b}b}￿ '/ 2    }c } '2 cce 31369:<
Iodw h{shulhqfh dqg vhqlrulw| sur￿oh ri pdujlqdo
surgxfw/ l1h1/
B}B}￿ '/ 2    }c } '2 cce 31387<<
Htxdolw| ri Uhodwlyh Zdjhv dqg Uhodwlyh Pdujlqdo
surgxfw/ l1h1/ b}b}￿ ' B}B}￿ 3136344
65ehwzhhq0mrev jurzwk lq pdujlqdo surgxfwlylw| lv lq sduw gxh wr rq 0wkh0mre vnloo
irupdwlrq dqg lq sduw uh hfwv wkh lpsuryhphqw pdwfk wkurxjk prelolw|1
Wkh idfw wkdw B}￿ 	  zkhqhyhu 	} / dv hvwlpdwhv lq Wdeoh 61: lqglfdwh/
phdqv wkdw mre0pdwfklqj hhfwv duh d vljqlfdqw lq xhqfh lq wkh mre0vhqlrulw|
suroh ri pdujlqdo surgxfwlylw|1 Krzhyhu/ vxfk hhfwv duh e| qr phdqv wkh rqo|
ghwhuplqdqw ri wkh suroh1 Dv fdq eh vhhq iurp wkh vdph wdeoh/ wkh qxoo B}} '
fdqqrw eh uhmhfwhg iru dq| ydoxh ri }1 Krzhyhu/ wkh hvwlpdwhg mre0vhqlrulw| suroh
ri pdujlqdo surgxfwlylw| lv ulvlqj dw hdfk ohyho ri h{shulhqfh iurp vhqlrulw| ohyho
wzr rqzdugv/ wkdw lv/ wkh hvwlpdwh ri B}￿ lqfuhdvhv zlwk  surylghg   21V l q f h
mre0pdwfk hhfwv gr qrw lqfuhdvh zlwk vhqlrulw| wklv fdq rqo| eh hylghqfh wkdw
pruh vhqlru zrunhuv kdyh juhdwhu hqgrzphqw hlwkhu ri up vshflf fdslwdo ru ri
xqrevhuyhg delolw|1 Lq sulqflsoh wkh ulvh lq wkh mre0vhqlrulw| suroh ri pdujlqdo
surgxfwlylw| pd| qrw kdyh dq|wklqj wr gr zlwk vshflf vnloo irupdwlrq1 Krzhyhu/
wzr revhuydwlrqv vxjjhvw rwkhuzlvh1 Iluvw/ dowkrxjk wkh qxoo ri d  dw mre0vhqlrulw|
suroh ri wkh uhodwlyh zdjh fdqqrw eh uhmhfwhg +Wdeoh 6143,/ wkh hvwlpdwhg suroh
iroorzv wkh vdph X0vkdsh dv wkh vhqlrulw| suroh ri uhodwlyh pdujlqdo surgxfwly0
lw|1 Vhfrqgo|/ wkh qxoo wkdw wkh wzr surohv duh lghqwlfdo lv uhmhfwhg +Wdeoh 6143,
hvvhqwldoo| ehfdxvh B}￿ 	b }￿ zkhqhyhu 	}iru }c  2/ zklfk lv frqvlvwhqw
zlwk wkh qdqflqj lpsolfdwlrqv ri wkh vshflf vnloo irupdwlrq k|srwkhvlv1
615151 Wkh Hduqlqjv Ixqfwlrq Hylghqfh
Wkh slfwxuh hphujlqj iurp wkh uhvxowv ri wkh hvwlpdwlrq ri wkh h{shulhqfh0vhqlrulw|
surohv ri uhodwlyh pdujlqdo surgxfwlylw| dqg wkh uhodwlyh zdjh lv wkxv rqh lq zklfk
erwk rq0wkh0mre vnloo irupdwlrq dqg mre0pdwfklqj duh vljqlfdqw vrxufhv ri wkh
jurzwk ri zdjhv zlwk pdunhw h{shulhqfh dqg mre vhqlrulw|1 Lq Wdeohv 6144 wr 6146/
L suhvhqw uhvxowv ri wkh dqdo|vlv ri lqglylgxdo ohyho hduqlqjv gdwd zlwk wkh dlp ri
iruplqj vrph lghd ri wkh pdjqlwxgh ri mre0pdwfklqj hhfwv uhodwlyh wr uhwxuqv
wr vnloo irupdwlrq lq wkh revhuyhg ehwzhhq 0mrev jurzwk ri pdujlqdo surgxfwlylw|1
Ruglqdu| ohdvw vtxduhv sdudphwhu hvwlpdwhv ri dowhuqdwlyh vshflfdwlrqv ri wkh
hduqlqjv ixqfwlrq dv d txdgudwlf dqg dv d txduwlf duh jlyhq lq Wdeoh 61441 Wkh
vwdqgdug txdgudwlf vshflfdwlrq lv uhmhfwhg dw wkh 8 shu fhqw ohyho lq idyrxu ri
wkh txduwlf/ zklfk lv uhjdughg wr eh vxshulru wr wkh txdgudwlf lq wkdw lw odujho|
holplqdwhv wkh whqghqf| ri wkh txdgudwlf wr xqghuvwdwh hduqlqjv jurzwk iru |rxqjhu
zrunhuv zkloh ryhuvwdwlqj lw iru wkrvh lq wkh plggoh djh jurxs +Pxusk| dqg Zhofk/
664<<3,148 Uhvxowv ri wkh uvw vwhs ri Wrsho*v wzr0vwhs LY hvwlpdwru dv uhsruwhg lq
Wdeoh 6145 duh wkhuhiruh edvhg rq wkh txduwlf vshflfdwlrq1 D frpsdulvrq ri wkh
pdlq chhfwv* ri h{shulhqfh dqg mre0vhqlrulw| dv uhdg iurp wkh vdph wdeoh zlwk
wkh fruuhvsrqglqj ROV sdudphwhu hvwlpdwhv ri wkh txduwlf vshflfdwlrq lq Wdeoh
6144 vkrzv wkdw wkh odwwhu duh yhu| pxfk eldvhg xs iru wkh wuxh uhwxuq wr vhqlrulw|
dv d uhvxow ri wkh fruuhodwlrq ri xqrevhuyhg delolw| zlwk mre whqxuh1 E| uhprylqj
wklv eldv wkh uvw glhuhqflqj ohdglqj wr wkh vshflfdwlrq xqghuo|lqj Wdeoh 6145
eulqjv wkh hvwlpdwh ri wkh vxp ri wkh wuxh uhwxuqv wr h{shulhqfh dqg vhqlrulw|0l1h1/
ri kr
￿ n kr
20 iru d qhz hqwudqw wr wkh oderxu pdunhw grzq iurp qhduo| 46 shu fhqw
d |hdu wr mxvw ryhu ; shu fhqw shu |hdu1
Uhvxowv ri wkh vhfrqg vwhs ri Wrsho*v surfhgxuh duh uhsruwhg lq Wdeoh 61461
Wkh uvw froxpq ri wklv wdeoh lv wkh frqvwdqw whup ri wkh vshflfdwlrq hvwlpdwhg
lq Wdeoh 61451 Wkh vhfrqg dqg wklug froxpq duh hvwlpdwhv ri wkh frhfrh!flhqwv ri
ff
￿￿￿ dqg ff
￿￿￿ rewdlqhg e| dsso|lqj ohdvw vtxduhv wr wkh uvw dqg vhfrqg htxd0
wlrqv/ uhvshfwlyho|/ ri 6175 h{whqghg wr wkh fdvh ri d ixoo txduwlf vshflfdwlrq dqg
wr lqfoxgh wkh xvxdo frqwuro yduldeohv ri vfkrrolqj/ jhqghu/ lqgxvwu| dqg hpsor|hu
vl}h149 Wkh irxuwk froxpq lv wkh hvwlpdwh ri wkh frh!flhqw ri f2 lq wkh hvwlpdwlrq
ri wkh h{whqghg irup ri wkh uvw htxdwlrq ri 61751 Wkh uvw froxpq hqwu| whoov xv
wkdw/ rqfh zh uhpryh prelolw| jdlqv dqg uhwxuqv wr xqrevhuyhg delolw|/ wkh krxuo|
zdjh ri d qhz hqwudqw wr wkh oderxu pdunhw zloo jurz rq wkh dyhudjh e| mxvw ;
shu fhqw gxulqj wkh uvw |hdu dv wkh vxp ri wkh wuxh uhwxuqv wr pdunhw h{shulhqfh
dqg mre vhqlrulw|1 Wkh hqwu| ri wkh wklug froxpq wkhq whoov xv wkdw dw ohdvw 48
s h uf h q wr iw k l vz l w k l q 0 m r ej u r z w kl qz d j h vl vu h w x u qw rm r e 0 v h q l r u l w |o h d y l q jw k h
edodqfh dv wkh pd{lpxp srvvleoh dqqxdo uhwxuq wr pdunhw h{shulhqfh1 Wklv lv
frqvlvwhqw zlwk wkh hylghqfh/ uhsruwhg lq hduolhu vhfwlrqv/ lq idyrxu ri vshflf vnloo
irupdwlrq ehlqj d vrxufh ri zlwklq0mre zdjh jurzwk1 Krzhyhu/ wkh pdjqlwxgh ri
wkh hvwlpdwh dovr vxjjhvwv wkdw wkh wuxh uhwxuq wr mre0vhqlrulw| lq jhqhudo dqg/
khqfh/ wkh uhwxuq wr vshflf vnloo irupdwlrq lq sduwlfxodu/ pd| zhoo dffrxqw iru d
48Xvlqj XV gdwd/ Pxusk| dqg Zhofk ￿qg wkdw wkh txdgudwlf vshflifdwlrq cxqghvwdwhv hduo|
fduhhu hduqlqjv jurzwk e| derxw 63083 shu fhqw dqg plgfduhhu jurzwk e| 53083 shu fhqw*1 Wkh|
dovr ￿qg wkdw wkh txduwlf vshfl￿fdwlrq uhgxfhv wklv celdv* e| pruh wkdq <3 shu fhqw zkloh wkh
fxelf vshf￿fdwlrq uhgxfhv lw e| :8 shu fhqw1














5, dqg e ￿ lv wkh yhfwru ri frh!flhqw hvwlpdwhv uhsruwhg lq
Wdeoh 61;1 Olnhzlvh/ lq sodfh ri wkh vhfrqg htxdwlrq ri 5175/ L hvwlpdwh oqz ￿ "5e ￿@￿[3
4￿v
5
.]￿ . h5/ zkhuh "5 kdv wkh vdph hohphqwv dv "4 zlwk wkh h{fhswlrq ri lwv ￿uvw hohphqw zklfk
lv [51 Lq hlwkhu fdvh [3
4 lv lqvwuxphqwhg e| [41
67Wdeoh 6144= Ruglqdu| Ohdvw Vtxduhv Hvwlpdwhv ri Hduqlqjv Ixqfwlrq Sdudphqwhv1
Ghshqghqw Yduldeoh@ OQUZDJH
Yduldeoh Txdgudwlf Txduwlf
Frh!flhqw Vwdqgdug Huuru Frh!flhqw Vwdqgdug Huuru
H[SU 3137786; 31336:;85 31359<36 313497753
H[SUVT 0313339;39 313333947 31333;5;: 313343333
H[SUFE 0313333754 31333355:
H[SUTU 313333337 313333335
WHQXUH 3136433< 31338:87; 313<9;;<3 313567473
WHQXUHVT 03133368;: 3133348:; 03133:67:6 31335555:
WHQXUHFE 31333585: 313333::7
WHQXUHTU 031333335; 31333333<
HGXF4 314:4;3 3137537: 314965: 313756;7
HGXF5 3194946 31378659 3194739 313787<4
HGXF6 416;<5 3139<4;: 416;5; 3139<645
IHPDOH 315:467 3136399: 0315:46 313638;7
\HDU<8 3144979 31358738 3145765 3135888:
VL]H5<8 03146769 3139:7:; 03145;:5 3139:6<5
VL]H6<8 0314<:49 313993:< 0314;648 3139947;
VL]H7<8 03135448 313:5;:8 03134335 3139:;9;
VL]H8<8 3144<89 313743;4 31469:7 313:644




Qxpehu ri Revhuydwlrqv 5;<9 5;<9
68Wdeoh 6145= Hvwlpdwhv ri Sdudphwhuv ri Zlwklq0Mre Zdjh Jurzwk1
Ghshqghqw yduldeoh@{OQUZDJH











Qxpehu ri Revhuydwlrqv 477;
Wdeoh 6146= Wzr0vwhs LY Hvwlpdwhv ri Iluvw Rughu Hhfwv ri Mre0pdwfklqj/ H{sh0











HVWLPDWH 313;5785 3139<:4 31345:86 31369334
+3134:;9, +313356<, +313356;84, +313354595,
Qrwh= Vwdqgdug huuruv lq sduhqwkhvhv1
yhu| vpdoo iudfwlrq ri wkh revhuyhg zlwklq0mre zdjh jurzwk1





2/ dw wkh hqg ri wkh uvw |hdu1 Lw whoov xv wkdw wkh krxuo| zdjh
ri d qhz hqwudqw wr wkh oderxu pdunhw zrxog jurz rq wkh dyhudjh e| 619 shu
fhqw dw wkh hqg ri wkh uvw |hdu sxuho| dv d uhvxow ri pdwfk lpsuryhphqw wkurxjk
prelolw|/ l1h1/ dv uhwxuq wr wkh jurzwk lq wkh lqirupdwlrq dydlodeoh wr wkh zrunhu
uhjduglqj survshfwlyh mre pdwfkhv1 Wklv lv d yhu| kljk jxuh frpsduhg wr wkh
hvwlpdwh ri wkh vxp ri wkh wuxh uhwxuqv wr h{shulhqfh dqg mre0vhqlrulw| iru d qrq0
preloh zrunhu dv uhsruwhg lq wkh uvw froxpq ri wkh wdeoh1 Lqghhg wkh udwlr ri
qhw prelolw| jdlq wr wkh vxp ri wkh wuxh uhwxuqv wr h{shulhqfh dqg vhqlrulw| jurzv
gudpdwlfdoo| eh|rqg wkh uvw yh |hduv ri wlph lq wkh oderxu pdunhw wr d srlqw
zkhuh prelolw| jdlqv duh wkh grplqdqw vrxufh ri ehwzhhq0mrev zdjh jurzwk1 Wklv
69Wdeoh 6147= Hduqlqjv Ixqfwlrq Hvwlpdwhv ri Uhwxuq wr Vnloo Irupdwlrq dqg Pr0
elolw| Jdlqv e| Ohyho ri Pdunhw H{shulhqfh1














8 |hduv ru ohvv 413333
9043 |hduv 416:73 414975 414888 316436 41;<
+313798:, +314;59;, +31373:9,
44048 |hduv 41:787 414;48 415<5< 319738 6186
+3147786, +3175:<, +314447,
49 |hduv ru pruh 51:534 41;734 414855 5154<5 5197
+4153:4, +315<6:, +318654,
Qrwh= Vwdqgdug huuruv lq sduhqwkhvhv
lv zkdw lv uhdg lq Wdeoh 61471 Lq wkh uvw dqg vhfrqg froxpqv ri wklv wdeoh/ L
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}} 1 Wkh edvh zdjh uhodwlyh wr zklfk wkhvh
phdvxuh ehwzhhq0mrev dqg zlwklq0mre jurzwk dw h{shulhqfh ohyho } lv wkh krxuo|
zdjh ri d zrunhu dw 51:8 |hduv ri wlph lq wkh oderxu pdunhw dqg 51:8 |hduv ri
wlph rq wkh fxuuhqw mre/ 51:8 ehlqj wkh plg srlqw ri wkh edvh lqwhuydo ri 3 wr 818
|hduv14: Ydoxhv ri h b} duh uhsruwhg lq wkh wklug froxpq ri wkh wdeoh1 Hqwulhv lq wkh
irxuwk froxpq ri wkh Wdeoh duh hvwlpdwhv ri qhw prelolw| jdlqv dw h{shulhqfh ohyho
}/ rewdlqhg e| vxewudfwlqj wklug froxpq hqwulhv iurp wkh fruuhvsrqglqj hqwulhv lq
wkh uvw froxpq dqg glylglqj e| 31:398 zklfk wkh hvwlpdwhg ydoxh ri ￿2*E￿21
4:Vlqfh e ￿
LY
j lv eldvhg xs iru wkh h{shfwhg uhodwlyh zdjh/ lw lv qrw vxusulvlqj wkdw ￿jxuhv lq
wkh ￿uvw froxpq ri wkh wdeoh duh pxfk kljkhu wkdq wkh fruuhvsrqglqj hqwulhv lq Wdeoh 61;1 Lw
lv qrw vxusulvlqj hlwkhu wkdw ￿jxuhv ri wkh vhfrqg froxpq rw wkh wdeoh duh pxfk orzhu wkdq wkh
fruuhvsrqglqj ￿jxuhv iru zlwklq0mre jurzwk dv uhdg iurp Wdeoh 61; vlqfh wkh odwwhu duh edlvhg










Dv srlqwhg rxw hduolhu/ hdfk udwlr frqvlvwhqwo| hvwlpdwhv d orzhu erxqg wr wkh
pdjqlwxgh ri qhw prelolw| jdlqv wr wkh uhwxuq wr vnloo irupdwlrq dw d jlyhq ohyho ri
h{shulhqfh ohyho }1 Wkh jxuhv udqjh iurp 41;< iru zrunhuv lq wkh h{shulhqfh udqjh
ri 8043 |hduv wr 6186 iru zrunhuv lq wkh h{shulhqfh udqjh ri 43048 |hduv1 Wkxv/
zkloh hvwlpdwhv ri wkh up ohyho dyhudjh surgxfwlylw| dqg zdjh htxdwlrqv vkrz
wkdw erwk prelolw| jdlqv dqg jhqhudo vnloo irupdwlrq duh vljqlfdqw lq xhqfhv lq
wkh ehwzhhq0mrev jurzwk ri zdjhv dqg surgxfwlylw|/ wkh hduqlqj ixqfwlrq hylghqfh
lv wkdw prelolw| jdlqv duh e| idu wkh pruh lpsruwdqw ri wkh wzr vrxufhv1
71 Vxppdu| dqg Frqfoxvlrq
Lq zkdw L eholhyh lv wkh uvw dwwhpsw dw vlpxowdqhrxv whvwlqj ri wkh vnloo irupdwlrq
dqg mre0pdwfklqj k|srwkhvhv ri zdjh jurzwk/ wklv fkdswhu kdv dqdo|vhg surgxf0
wlrq dqg oderxu pdunhw gdwd iurp d udqgrp vhohfwlrq ri vpdoo dqg phglxp vl}hg
pdqxidfwxulqj upv lq Hwklrsld1 Wkh nh| vwhs lq wkh dqdo|vlv lv wkh mrlqw uhjuhv0
vlrq ri wkh orj ri wkh dyhudjh surgxfwlylw| ri krxuv lq wkh up dqg wkh orj ri
wkh dyhudjh krxuo| hduqlqjv ri lwv hpsor|hhv rq wkh uhodwlyh vkduhv ri h{shulhqfh0
vhqlrulw| fdwhjrulhv ri wkh zrun irufh lq wrwdo krxuv lq wkh up1 Wkh ydoxh ri wklv
dv d whfkqltxh lv wkdw lw jhqhudwhv h{shulhqfh0vhqlrulw| suroh pdwulfhv ri pdujlqdo
surgxfwlylw| dqg zdjhv rq zklfk wkh vnloo irupdwlrq dqg mre0pdwfklqj k|srwkh0
vhv lpsrvh zhoo nqrzq uhvwulfwlrqv1 Dffruglqj wr wkh whvw uhvxow uhsruwhg lq wkh
fkdswhu/ erwk vnloo irupdwlrq dqg mre0pdwfklqj surgxfh vljqlfdqw ehwzhhq0mrev
jurzwk ri pdujlqdo surgxfwlylw| zlwk pdunhw h{shulhqfh/ zklfk pxvw dffrxqw iru
dw ohdvw d sduw ri wkh revhuyhg ehwzhhq0mrev jurzwk ri zdjhv zlwk h{shulhqfh1
Krzhyhu/ dq hduqlqjv ixqfwlrq dqdo|vlv ri gdwd rq zrunhuv vdpsohg iurp wkh upv
dqg shulrg iru zklfk wkh surgxfwlylw| dqg zdjh suroh pdwulfhv zhuh hvwlpdwhg
ohdgv wr wkh frqfoxvlrq wkdw mre0pdwfklqj lv e| idu wkh pruh lpsruwdqw ri wkh wzr
vrxufhv= qhw prelolw| jdlqv dffrxqw iru dw ohdvw wzlfh wkh vkduh ri wkh uhwxuq wr
vnloo irupdwlrq lq wkh revhuyhg ehwzhhq0mrev jurzwk ri zdjhv zlwk pdunhw h{sh0
ulhqfh1 Wklv jxuh lv h{wuhpho| kljk frpsduhg wr wkh jxuh ri 318 uhsruwhg e|
Wrsho dqg Zdug +4<<5, iru XV zrunhuv zlwk 43 |hduv ru ohvv ri wlph lq wkh oderxu
pdunhw/ dqg hyhq kljkhu wkdq wkrvh vxjjhvwhg iru XV zrunhuv lq wkh vdph djh
jurxs e| Plqfhu dqg Mrydqrylf +4<;4, dqg Eduwho dqg Erumdv +4<;4,1 Dowkrxjk
wkh udwh ri uhwxuq wr irupdwlrq lv pxfk kljkhu iru XV zrunhuv wkdq zrunhuv lq
Hwklrsld/ wkh XV udwh ri uhwxuq wr vnloo irupdwlrq dv uhsruwhg/ iru h{dpsoh/ e|
Wrsho +4<<4, lv dw prvw 83 shu fhqw kljkhu wkdq wkh jxuhv L fdofxodwh iru p|
6;vdpsoh ri zrunhuv1 L/ wkhuhiruh/ frqfoxgh wkdw wkh kljkhu udwlr ri prelolw| jdlqv wr
wkh uhwxuq wr vnloo irupdwlrq iru Hwklrsld lv lq sduw d uh hfwlrq ri kljkhu vfduflw|
ydoxh ri oderxu pdunhw lqirupdwlrq iru zrunhuv lq Hwklrsld/ zklfk vkrxog qrw eh
vxusulvlqj lq ylhz ri wkh hylghqfh/ uhsruwhg lq vhfwlrq 61614/ wkdw wkh  rz ri oderxu
p d u n h wl q i r u p d w l r ql vp x f kp r u hu h v w u l f w h gl qH w k l r s l d 1
Whvwv ri wkh vnloo irupdwlrq k|srwkhvlv kdyh wr gdwh ehhq ryhuzkhoplqjo| grp0
lqdwhg e| hduqlqjv ixqfwlrq dqdo|vlv +h1j1/ Kdoh|/ 4<:9> Oloodug dqg Zhlvv/ 4<:<>
Kdxvh/ 4<;4> Qhxpdun dqg Wdxepdq/ 4<<8> dqg Ednhu/ 4<<:, dv kdyh ehhq wkrvh
ri wkh mre0pdwfklqj k|srwkhvlv +h1j1 Iolqq/ 4<;9> Dowrqml dqg Vkdnrwr/ 4<;:>
Pduvkdo dqg ]dunlq/ 4<;:> Iduehu dqg Deudkdp/ 4<;:> Jduhq/ 4<;<> Wrsho/ 4<;;/
4<<4> dqg Wrsho dqg Zdug/ 4<<5,1 Lqghhg/ L dp dzduh rqo| ri wkuhh vwxglhv lq
zklfk gdwd rq zrunhuv* surgxfwlylw| duh gluhfwo| dqdo|vhg lq whvwlqj prghov ri
zdjh ghwhuplqdwlrq/ qdpho|/ Phgr dqg Deudkdp +4<;3,/ Eodfnpruh dqg Kr0
pdq +4<;<, dqg Khoohuvwhlq dqg Qhxpdun +4<<8,1 Wkh Phgr dqg Deudkdp vwxg|
frpsduhg hpsor|hh hduqlqjv lq wzr odujh XV pdqxidfwxulqj frusrudwlrqv zlwk vx0
shuylvruv* shuirupdqfh hydoxdwlrq gdwd wr frqfoxgh wkdw rq0wkh0mre vnloo irupdwlrq
frxog qrw h{sodlq cd vxevwdqwldo sduw ri wkh revhuyhg uhwxuq wr oderxu pdunhw h{sh0
ulhqfh*1 Lq vslwh ri wkh dfnqrzohgjhg olplwdwlrq ri shuirupdqfh hydoxdwlrq vfruhv
dv d sur{| iru surgxfwlylw|/ wklv uhvxow uhpdlqv wkh rqo| gluhfw hylghqfh lq idyrxu
ri dowhuqdwlyhv wr wkh kxpdq fdslwdo h{sodqdwlrq ri d ulvlqj h{shulhqfh suroh ri
hduqlqjv1 Wkh vwxg| e| Eodfnpruh dqg Krpdq zhqw eh|rqg wkh fdvh vwxg| vfrsh
ri wkh Phggri dqg Deudkdp sdshu lq dqdo|vlqj djjuhjdwh wlph vhulhv surgxfwly0
lw| dqg hduqlqjv gdwd rq wkh XV pdqxidfwxulqj vhfwru dv d zkroh1 Krzhyhu/ lw
zdv frqfhuqhg h{foxvlyho| zlwk wkh lq xhqfh ri mre0vhqlrulw| rq surgxfwlylw| dqg
zdjhv1 Lwv uhvxowv zhuh wkhuhiruh qrw frpsdudeoh zlwk wkrvh ri wkh Phgr dqg
Deudkdp sdshu1 Wkh Khoohuvwhlq dqg Qhxpdun sdshu zdv d vljqlfdqw vwhs iru0
zdug lq whupv ri gluhfw xvh ri revhuydwlrqv rq surgxfwlylw| e| xvlqj up ohyho gdwd
dqg zdv/ lqghhg/ wkh uvw dwwhpsw dw wkh mrlqw hvwlpdwlrq ri pdujlqdo surgxfwlylw|
dqg zdjh surohv dv wkh edvlv iru whvwlqj wkh vnloo irupdwlrq k|srwkhvlv1 Xqiruwx0
qdwho| wkh dxwkruv irfxvhg rq djh surohv wr wkh h{foxvlrq ri mre0vhqlrulw| surohv
zlwkrxw zklfk mre0pdwfklqj hhfwv frxog qrw eh whvwhg iru14;Wkh phwkrgrorjlfdo
frqwulexwlrq ri wklv sdshu lv wr h{whqg wkh Khoohuvwhlq dqg Qhxpdun vshflfdwlrq
lqwr d iudphzrun lq zklfk rqh fdq vlpxowdqhrxvo| whvw iru erwk vnloo irupdwlrq
dqg mre0pdwfklqj lq furvv vhfwlrq gdwd1
4;Khoohuvwhlq dqg Qhxpdun zhuh dovr irufhg e| gdwd olplwdwlrq wr frqvlghu sur￿ohv rqo| iru
wkrvh lq wkh plggoh ru dw wkh hqg ri wkhlu fduhhu/ zklfk phdqw wkh| frxog qrw xvh wkh h{shulhqfh
sur￿oh wkh| hvwlpdwhg hyhq wr whvw iru vnloo irupdwlrq1
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Dsshqgl{= Frh!flhqwv ri Frqwuro Yduldeohv Lq Qrq0Olqhdu
VXU Hvwlpdwlrq ri Dyhudjh Ohyho Surgxfwlylw| dqg Zdjh
Htxdwlrqv ri Wdeoh 61:
Frqwuro Yduldeoh Dyhudjh Zdjh Htxdwlrq Surgxfwlylw| Htxdwlrq
Frh!flhqw Vwdqgdug Frh!flhqw Vwdqgdug
Huuru Huuru
GSULP 31374; 314773 315:57 31477;
GVHF 3135<7 31468< 3137;< 3146::
GYRF 31736:8 314;;6 317689 314<45
SURIHP5 316:<8 314;5: 31635: 314;8;
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